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Summary
In the previous paper (Yamamoto, 2020), by combining many alternatives concerning training - pruning procedures, a 
large number of crown models were designed using the crown design system (CDS). In the present study, light 
environment, photosynthesis and characteristics of canopy shape in those models were compared between the 
alternatives (Experiment 1). The alternatives were classified into three grades with respect to efficiency to improve the 
light environment, viz., high, medium and low. Tree crown models were designed newly by combining the alternatives as 
all-play-all within each grade and analyzed to find out ideal crown models to improve the light environment (Experiment 
2). As the results of Experiment 1, the next cases may be effective for the improvement, namely, the increment of central 
angle of the primary scaffold branches (PSBs) being equal to “360 degree / number of the PSBs”, the trunk being long, 
the first PSB emerging out of the south side of the crown, the PSBs branching with wide angles, the compound units of 
stems after secondary scaffold branches (units) being big in size, the units branching with narrow angles and the units 
rising horizontally at both sides of the PSB. But, some problems such as overreaching the allocated space and shortage or 
excess of the leafy blocks occurred. Especially, these were remarkable in the case of two PBSs. As the results of 
Experiment 2, the upper limit of daily mean PPFD at leaf surface on a clear day (CDMPPFD) distributed in a range of 
about 345-370 μE・m-2・s-1 , and that on an overcast day (ODMPPFD) did in a range of about 143-150 μE・m-2・s-1 . The 
lower limit of the CDMPPFD distributed in a range of about 250-260 μE・m-2・s-1 and that of ODMPPFD did in a range of 
about 115-118 μE・m-2・s-1. The alternative series necessary to construct tree crown models for the favorable light 
environment were found.
Key words： characteristics of canopy shape, crown design system (CDS) , land area occupied by a crown, 
photosynthesis in orchard, tree form
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Trunk Inclination Inclination   Azimuth
length angle direction
(cm ) Ab. (   °) Ab. (   °) Ab.
40 C1 90 A1 E 90 L1
70 C2 80 A2 SE 135 L2
100 C3 70 A3 S 180 L3
130 C4 60 A4 SW 225 L4
160 C5 50 A5 W 270 L5
190 C6 NW 315 L6
210 C7 N 0 L7
NE 45 L8
Table 1.  The list of the abbreviations (Ab.) of alternatives 
concerning the trunk. The azimuth shows an angle 
measured from the z coordinate axis in the 
counterclockwise.
Number Distribution patterns Distribution patterns Distribution patterns Central Increment
of PSBs of  generation interval of branching angle angles of of  central
the 1st PSB angle
Ab. Base Mid Tip Ab. Ab. Base Mid Tip Ab. Ab. Ab.
(cm) (   °) (   °) (   °)
2 D2 35 35 35 H1 Equal interval E1 80 80 80 I1 90 F1 60 G1
3 D3 60 60 60 H2 A little sparser as the tip E2 60 60 60 I2 270 F2 72 G2
4 D4 100 100 100 H3 Very sparser as the tip E3 40 40 40 I3 180 F3 90 G3
5 D5 100 60 35 H4 A little denser as the tip E4 80 60 40 I4 0 F4 120 G4
6 D6 35 60 100 H5 Very denser as the tip E5 40 60 80 I5 135 F5 144 G5
100 60 100 H6 40 80 40 I6 225 F6 180 G6
60 100 60 H7 80 40 80 I7 45 F7 51 G7
315 F8 30 G8
of  PSB length
 Table 2.  The list of the abbreviations (Ab.) of alternatives concerning the primary scaffold branch (PSB). The central 
angle shows the angle measured from the the z coordinate axis in the counterclockwise. Base, Mid and Tip 




















































Unit types Distribution patterns Distribution patterns Increment of
of  the generation interval of branching angle  central angle
or  like "V" 
Ab． Ab． Base Mid Tip Ab． Base Mid Tip Ab． Ab．
           (   °) (   °)
Like trifid K1 Equal interval Q1 Small Small Small P1 80 80 80 S1 60 Y1
Like advancer K2 Very sparser as the tip Q2 Middle Middle Middle P2 60 60 60 S2 72 Y2
Like spindle K3 A little sparser as the tip Q3 Large Large Large P3 40 40 40 S3 90 Y3
Like pole K4 Very denser as the tip Q4 Large Middle Small P4 80 60 40 S4 120 Y4
Like plate K5 A little denser as the tip Q5 Small Middle Large P5 40 60 80 S5 144 Y5
Middle Large Small P6 40 80 60 S6 180 Y6
Middle Small Large P7 60 80 40 S7 Like "V" with 60 ° Y7
80 40 60 S8 Like "V" with 90 ° Y8
60 40 80 S9 Lke "V" with 120° Y9
Distribution patterns
of the unit size
Table 3.  The list of the abbreviations (Ab.) of alternatives concerning the units. The central angle shows an angle measured 
from the the z coordinate axis in the counterclockwise. Base, Mid and Tip indicates a basal region, medium one 
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
A1 331 ax 138 bc 10.16 a 7.79 cd 8.40 a 69.4 a 2.04 a 1.93 a 29.9 a 1.38 a 0 67 0 0 67
A2 321 b 137 c 10.03 b 7.77 d 8.00 bc 69.0 b 2.08 a 2.05 b 31.4 b 1.39 b 0 67 0 0 44
2 A3 317 b 138 b 9.98 bc 7.82 bc 8.08 b 68.3 c 2.15 b 2.07 b 32.1 bc 1.40 c 0 67 0 0 24
A4 312 c 140 ab 9.92 cd 7.86 ab 7.81 c 67.8 d 2.25 c 2.17 c 32.6 c 1.41 d 0 67 0 11 2
A5 308 c 141 a 9.89 d 7.90 a 7.15 d 67.6 e 2.24 c 2.32 d 32.8 c 1.42 e 0 67 0 69 0
A1 303 a 128 c 9.72 a 7.53 c 6.83 a 69.4 e 2.04 a 1.93 a 29.9 a 1.38 a 0 0 0 11 0
A2 301 ab 129 bc 9.69 a 7.58 c 6.83 a 69.0 d 2.08 a 2.05 b 31.4 b 1.39 b 0 0 0 24 0
3 A3 298 b 131 ab 9.66 ab 7.63 b 6.61 a 68.3 c 2.15 b 2.07 b 32.1 bc 1.40 c 0 0 0 60 0
A4 291 c 132 a 9.59 b 7.69 a 6.00 b 67.8 b 2.25 c 2.17 c 32.6 c 1.41 d 0 0 0 100 0
A5 284 d 132 a 9.50 c 7.71 a 5.40 c 67.6 a 2.24 c 2.32 d 32.8 c 1.42 e 0 0 0 100 0
A1 292 a 125 c 9.54 a 7.48 c 6.85 a 60.1 b 2.55 a 2.28 a 38.2 a 1.47 a 0 0 0 0 20
A2 286 b 124 d 9.43 b 7.45 d 6.58 b 60.3 a 2.64 ab 2.42 b 39.7 b 1.49 b 0 0 0 0 2
4 A3 287 b 126 bc 9.46 b 7.50 bc 6.69 ab 59.8 c 2.68 bc 2.48 bc 40.1 b 1.50 c 0 0 0 0 2
A4 284 b 127 b 9.43 b 7.52 b 6.63 b 59.4 d 2.77 c 2.56 c 40.3 b 1.51 d 0 0 0 0 0
A5 285 b 129 a 9.46 b 7.61 a 6.26 c 59.3 e 2.70 bc 2.71 d 40.3 b 1.52 e 0 0 0 78 0
A1 296 a 126 c 9.60 a 7.49 d 6.79 a 65.6 b 2.50 ab 2.24 a 32.8 a 1.44 a 0 0 0 0 0
A2 296 a 127 bc 9.60 a 7.51 cd 6.90 a 65.8 a 2.54 b 2.30 ab 33.3 a 1.45 b 0 0 0 0 0
5 A3 294 a 127 ab 9.58 ab 7.53 bc 6.87 a 65.3 c 2.54 b 2.35 b 34.3 b 1.45 c 0 0 0 0 0
A4 289 b 128 ab 9.52 bc 7.55 b 6.45 b 64.8 d 2.51 ab 2.49 c 35.2 bc 1.46 d 0 0 0 0 0
A5 283 c 128 a 9.45 c 7.59 a 5.73 c 64.6 e 2.46 a 2.73 d 35.8 c 1.47 e 0 0 0 93 0
A1 301 a 127 b 9.70 a 7.53 b 6.99 a 67.6 a 2.32 a 2.16 a 31.8 a 1.43 a 0 0 0 0 18
A2 293 b 125 c 9.58 bc 7.48 c 6.65 c 67.2 b 2.38 ab 2.30 bc 33.4 b 1.44 b 0 0 0 0 2
6 A3 296 b 128 b 9.63 b 7.56 b 6.96 a 66.7 c 2.36 ab 2.26 b 33.6 bc 1.46 c 0 0 0 0 11
A4 294 b 130 a 9.61 b 7.61 a 6.89 ab 66.4 d 2.39 ab 2.33 c 34.5 cd 1.46 c 0 0 0 0 7
A5 288 c 130 a 9.54 c 7.64 a 6.73 bc 66.0 e 2.42 b 2.36 c 34.9 d 1.46 d 0 0 0 0 0
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 4.  The effects of the inclination angles of the trunk on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, 
MCFVD, PNLES and MNLBA, and that on the proportion which did not satisfy the five conditions, namely, the tree height (TH), the tree 
width along east-west direction (EWW), the tree width along south-north direction (SNW), and the range of the number of leafy blocks (NLB) 
shown with different number of the primary scaffold branches (PBSs) . Ab. indicates the abbreviation of the alternative in A experiment. 
CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, MCFVD, PNLES and MNLBA indicates daily mean PPFD on leaf 
surface on a clear day, that on an overcast day, daily mean net photosynthetic rate on a clear day, that on an overcast day, land area occupied 
by a crown, proportion of surface leafy blocks for the total leafy blocks, mean continuation frequency of leafy block along north-south 
direction in a 3D grid, that along vertical direction in a 3D grid, proportion of leafy blocks in enclosed space for the total leafy blocks and 
mean number of leafy blocks per leafy block agglomeration, respectively. n=45.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PSBs MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.318 0.980 0.178 0.840 -0.841 -0.726 -0.805 -0.632 0.637
ODMPPFD 0.318 1.000 0.486 0.984 0.205 -0.509 -0.117 -0.094 0.383 -0.293
3 CDMPPFD 1.000 0.212 0.966 0.061 0.837 -0.458 -0.283 -0.461 -0.593 0.559
ODMPPFD 0.212 1.000 0.447 0.984 -0.145 0.071 0.423 0.408 0.525 -0.469
4 CDMPPFD 1.000 0.515 0.981 0.471 0.802 -0.810 -0.487 -0.544 -0.263 0.238
ODMPPFD 0.515 1.000 0.652 0.994 0.255 -0.383 -0.149 0.154 0.531 -0.453
5 CDMPPFD 1.000 0.543 0.983 0.315 0.900 -0.847 -0.243 -0.727 -0.519 0.508
ODMPPFD 0.543 1.000 0.671 0.962 0.292 -0.524 -0.465 0.003 0.283 -0.193
6 CDMPPFD 1.000 0.379 0.979 0.288 0.848 -0.760 -0.583 -0.767 -0.431 0.461
ODMPPFD 0.379 1.000 0.537 0.989 0.673 -0.237 -0.390 -0.289 0.453 -0.508
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 5.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=225) from each experimental plot of the number of 
PSBs in the experiment A. The abbreviations in the table 
refer to Table 4.
Fig. 1.  The effects of the differences of the alternatives in A experiment 
on the distributions of CDMPPFD (left) and ODMPPFD 
(right) in the plot of four PSBs where the unit was μE·m-2·s-1. 
The abbreviations of the alternatives refer to Table 1.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWWSNW NLBNLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590>722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
L1 327 bx 135 c 10.12 bc 7.72 bc 8.09 a 66.7 d 2.30 c 2.09 a 32.1 ab 1.45 e 0 0 67 2 20
L2 333 a 135 c 10.20 a 7.72 bc 8.08 a 67.1 ab 2.24 abc 2.08 a 31.7 a 1.43 a 0 38 0 62 0
L3 331 a 135 c 10.16 ab 7.72 bc 8.03 a 67.2 a 2.14 a 2.09 a 32.1 ab 1.43 ab 0 67 0 2 20
2 L4 325 b 135 c 10.08 cd 7.71 c 7.92 ab 67.1 ab 2.25 bc 2.12 ab 32.4 ab 1.44 cd 0 0 36 18 2
L5 319 c 135 c 10.01 de 7.72 bc 7.89 ab 67.1 abc 2.34 c 2.12 ab 32.4 ab 1.44 d 0 0 67 0 24
L6 312 d 137 ab 9.91 f 7.80 a 7.66 c 67.0 bc 2.33 c 2.18 b 32.9 b 1.44 d 0 38 0 0 0
L7 316 c 138 a 9.96 ef 7.83 a 7.93 ab 66.9 bcd 2.16 ab 2.11 ab 32.5 ab 1.44 cd 0 67 0 0 24
L8 319 c 136 bc 10.02 de 7.75 b 7.82 bc 66.9 cd 2.26 bc 2.14 ab 32.5 ab 1.43 bc 0 0 38 13 0
L1 308 a 129 abc 9.80 a 7.57 b 6.80 a 60.2 b 2.63 a 2.58 a 37.3 a 1.59 d 0 0 0 49 0
L2 308 a 128 c 9.78 a 7.54 b 6.80 a 60.9 a 2.66 a 2.55 a 37.8 a 1.56 c 0 0 0 44 0
L3 306 ab 129 bc 9.77 a 7.56 b 6.79 a 60.9 a 2.66 a 2.58 a 37.4 a 1.55 b 0 0 0 49 0
3 L4 300 cd 128 c 9.67 bc 7.56 b 6.72 a 60.9 a 2.68 a 2.58 a 38.1 a 1.55 b 0 0 0 44 0
L5 297 de 130 ab 9.65 bc 7.62 a 6.61 a 60.8 a 2.65 a 2.62 a 37.6 a 1.54 a 0 0 0 60 0
L6 294 e 130 ab 9.59 c 7.62 a 6.65 a 60.8 a 2.68 a 2.59 a 38.1 a 1.54 a 0 0 0 49 0
L7 297 de 131 a 9.65 bc 7.63 a 6.61 a 60.8 a 2.66 a 2.63 a 37.6 a 1.54 a 0 0 0 60 0
L8 303 bc 129 abc 9.71 ab 7.57 b 6.71 a 60.8 a 2.65 a 2.58 a 37.9 a 1.54 a 0 0 0 44 0
L1 297 a 124 bc 9.60 a 7.45 cd 6.75 a 58.0 b 2.70 ab 2.47 a 40.0 a 1.52 c 0 0 0 0 4
L2 297 a 124 c 9.58 ab 7.43 d 6.70 a 58.3 a 2.78 ab 2.51 a 40.1 a 1.52 d 0 0 0 0 0
L3 293 ab 125 bc 9.54 ab 7.46 cd 6.74 a 58.3 a 2.67 a 2.47 a 40.2 a 1.52 c 0 0 0 0 4
4 L4 287 c 125 abc 9.45 cd 7.47 bc 6.69 a 58.3 a 2.71 ab 2.51 a 40.1 a 1.52 bc 0 0 0 0 0
L5 281 e 126 a 9.37 de 7.52 a 6.63 a 58.3 a 2.75 ab 2.49 a 40.4 a 1.52 b 0 0 0 0 4
L6 281 de 126 a 9.37 e 7.52 a 6.64 a 58.3 a 2.79 b 2.52 a 40.2 a 1.51 a 0 0 0 0 0
L7 286 cd 126 ab 9.44 de 7.50 ab 6.65 a 58.3 a 2.67 a 2.49 a 40.3 a 1.51 a 0 0 0 0 4
L8 292 b 124 c 9.52 bc 7.45 cd 6.65 a 58.3 a 2.71 ab 2.52 a 40.1 a 1.51 a 0 0 0 0 0
L1 298 a 127 a 9.64 a 7.51 b 6.97 a 63.3 b 2.50 a 2.32 a 33.9 a 1.45 a 0 0 0 0 0
L2 296 ab 127 a 9.60 a 7.52 ab 6.87 ab 64.1 a 2.48 a 2.33 ab 34.0 a 1.46 de 0 0 0 0 0
L3 292 bc 128 a 9.55 abc 7.55 a 6.99 a 64.2 a 2.50 a 2.31 a 33.9 a 1.46 e 0 0 0 0 0
5 L4 287 c 128 a 9.49 bc 7.54 ab 6.78 ab 64.2 a 2.52 a 2.35 ab 34.2 a 1.46 d 0 0 0 0 0
L5 287 c 128 a 9.49 bc 7.54 ab 6.89 ab 64.2 a 2.52 a 2.34 ab 34.1 a 1.46 c 0 0 0 0 0
L6 287 c 127 a 9.47 c 7.53 ab 6.66 b 64.2 a 2.53 a 2.38 b 34.5 a 1.46 bc 0 0 0 0 0
L7 294 ab 127 a 9.58 ab 7.53 ab 6.86 ab 64.1 a 2.53 a 2.35 ab 34.2 a 1.45 b 0 0 0 0 0
L8 296 ab 127 a 9.60 a 7.51 b 6.76 ab 64.1 a 2.52 a 2.36 ab 34.2 a 1.46 b 0 0 0 0 0
L1 301 a 128 a 9.70 a 7.54 ab 6.86 ab 64.3 e 2.43 bc 2.27 ab 33.6 ab 1.46 a 0 0 0 0 9
L2 301 ab 128 a 9.68 ab 7.53 ab 6.89 a 64.8 bc 2.40 ab 2.30 abc 33.8 ab 1.47 d 0 0 0 0 9
L3 296 bc 128 a 9.63 ab 7.54 ab 6.93 a 64.9 ab 2.34 a 2.25 a 33.3 a 1.46 cd 0 0 0 0 11
6 L4 290 d 128 a 9.53 cd 7.56 a 6.80 abc 64.9 a 2.40 ab 2.33 bcd 33.9 ab 1.46 bc 0 0 0 0 7
L5 284 ef 128 a 9.45 ef 7.56 a 6.66 bcd 64.9 ab 2.52 d 2.35 cde 34.2 ab 1.46 ab 0 0 0 0 0
L6 283 f 127 a 9.43 f 7.55 ab 6.56 d 64.8 bcd 2.50 cd 2.41 e 34.5 b 1.46 ab 0 0 0 0 0
L7 288 de 127 a 9.51 de 7.53 ab 6.58 d 64.7 cd 2.45 bcd 2.36 cde 34.4 b 1.46 bc 0 0 0 0 0
L8 295 c 127 a 9.60 bc 7.52 b 6.62 cd 64.6 d 2.46 bcd 2.39 de 34.4 b 1.47 d 0 0 0 0 0
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 6.  The effects of direction in which the trunk inclines on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, 
MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in L experiment. The explanations of the 
table refer to Table 4. n=45.
Fig. 2.  The effects of the differences of the alternatives in L experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1. The 
abbreviations of the alternatives refer to Table 1.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.304 0.980 0.192 0.768 -0.657 -0.473 -0.577 -0.226 0.222
ODMPPFD 0.304 1.000 0.452 0.988 0.505 -0.709 -0.388 -0.386 -0.065 0.095
3 CDMPPFD 1.000 0.596 0.986 0.529 0.649 -0.769 -0.588 -0.571 0.338 -0.012
ODMPPFD 0.596 1.000 0.711 0.992 0.389 -0.856 -0.628 -0.369 -0.117 0.062
4 CDMPPFD 1.000 0.430 0.992 0.297 0.725 -0.631 -0.526 -0.423 0.317 -0.048
ODMPPFD 0.430 1.000 0.523 0.983 0.680 -0.722 -0.544 -0.329 -0.138 0.135
5 CDMPPFD 1.000 0.785 0.995 0.708 0.880 -0.765 -0.524 -0.666 -0.060 -0.074
ODMPPFD 0.785 1.000 0.829 0.989 0.891 -0.843 -0.570 -0.681 0.100 0.171
6 CDMPPFD 1.000 0.628 0.995 0.476 0.806 -0.593 -0.520 -0.670 0.213 -0.129
ODMPPFD 0.628 1.000 0.685 0.975 0.813 -0.717 -0.433 -0.620 0.059 0.125
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044,    
respectively.
Table 7.  The cefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=360) from each experimental plot of the number of 
PSBs in the experiment L. The abbreviations in the table 
refer to Table 4.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
C1 330 bx 137 d 10.13 e 7.76 d 8.38 a 66.5 g 2.14 d 1.98 c 32.7 e 1.40 g 0 67 0 0 44
C2 330 b 138 d 10.16 de 7.80 d 8.40 a 67.6 f 2.04 c 1.93 bc 30.2 d 1.39 f 0 67 0 0 67
C3 333 ab 140 c 10.22 cd 7.85 c 8.40 a 69.1 e 1.99 abc 1.89 ab 27.2 c 1.38 e 0 67 0 0 76
2 C4 334 ab 142 b 10.28 bc 7.90 b 8.35 a 70.6 d 1.95 abc 1.85 a 24.4 b 1.37 d 0 67 0 0 78
C5 334 ab 143 ab 10.31 ab 7.94 a 8.30 a 72.1 c 1.90 a 1.84 a 21.8 a 1.36 c 13 67 0 0 80
C6 335 a 144 a 10.34 ab 7.96 a 8.33 a 73.4 b 1.92 ab 1.82 a 20.9 a 1.36 b 100 67 0 0 80
C7 337 a 144 a 10.36 a 7.95 a 8.35 a 74.4 a 1.99 bc 1.84 a 21.2 a 1.35 a 100 67 0 0 69
C1 309 abc 130 b 9.78 cd 7.57 c 6.73 a 59.4 g 2.72 de 2.63 e 39.4 f 1.59 g 0 0 0 80 0
C2 304 c 127 c 9.70 d 7.52 d 6.83 a 59.8 f 2.75 e 2.58 de 39.1 f 1.55 f 0 0 0 36 0
C3 304 c 128 c 9.72 d 7.53 cd 6.83 a 60.5 e 2.66 d 2.50 d 37.1 e 1.55 e 0 0 0 11 0
3 C4 306 bc 129 bc 9.79 cd 7.57 c 6.82 a 61.7 d 2.53 c 2.34 c 33.2 d 1.53 d 0 0 0 4 0
C5 308 abc 130 b 9.87 bc 7.63 b 6.81 a 63.3 c 2.43 b 2.23 b 29.7 c 1.51 c 0 0 0 0 0
C6 311 ab 133 a 9.94 ab 7.69 a 6.78 a 64.8 b 2.33 a 2.15 ab 26.8 b 1.50 b 0 0 0 0 0
C7 313 a 133 a 9.99 a 7.72 a 6.79 a 66.3 a 2.31 a 2.12 a 25.3 a 1.48 a 82 0 0 0 4
C1 299 ab 126 d 9.60 bc 7.48 d 6.81 a 55.5 f 2.97 e 2.63 e 43.5 f 1.58 g 0 0 0 31 0
C2 292 c 124 e 9.49 d 7.42 e 6.89 a 55.4 f 2.97 e 2.57 e 43.4 f 1.55 f 0 0 0 7 2
C3 291 c 124 e 9.49 d 7.43 e 6.87 a 56.0 e 2.78 d 2.45 d 41.5 e 1.54 e 0 0 0 0 4
4 C4 292 c 125 d 9.54 cd 7.48 d 6.84 a 56.9 d 2.56 c 2.28 c 38.2 d 1.53 d 0 0 0 0 20
C5 295 bc 127 c 9.62 b 7.54 c 6.81 a 58.2 c 2.40 b 2.17 b 34.7 c 1.51 c 0 0 0 0 36
C6 298 ab 129 b 9.70 a 7.61 b 6.76 a 59.7 b 2.23 a 2.04 a 31.1 b 1.49 b 0 0 0 0 71
C7 300 a 131 a 9.76 a 7.65 a 6.72 a 61.3 a 2.14 a 2.00 a 28.9 a 1.47 a 67 0 0 0 91
C1 305 a 130 a 9.71 a 7.57 a 6.73 a 59.9 e 2.71 e 2.62 e 39.2 e 1.56 g 0 0 0 91 0
C2 296 bcd 126 cd 9.55 cd 7.47 cd 6.84 a 59.7 f 2.77 e 2.56 de 39.9 e 1.55 f 0 0 0 24 0
C3 293 d 124 e 9.50 d 7.43 e 6.83 a 59.6 f 2.70 e 2.49 d 38.8 e 1.54 e 0 0 0 0 0
5 C4 295 cd 125 de 9.55 cd 7.45 de 6.81 a 60.1 d 2.58 d 2.36 c 35.7 d 1.52 d 0 0 0 0 0
C5 297 bcd 126 cd 9.61 bc 7.49 c 6.78 a 61.2 c 2.50 c 2.24 b 32.7 c 1.51 c 0 0 0 0 0
C6 299 abc 127 bc 9.68 ab 7.54 b 6.74 a 62.5 b 2.33 b 2.15 ab 30.0 b 1.49 b 0 0 0 0 9
C7 301 ab 128 b 9.73 a 7.57 ab 6.69 a 63.7 a 2.25 a 2.09 a 28.7 a 1.48 a 33 0 0 0 38
C1 307 a 130 a 9.75 a 7.57 a 6.98 a 59.5 f 2.62 d 2.54 e 39.1 e 1.56 g 0 0 0 71 0
C2 299 bcd 127 cd 9.60 cd 7.49 c 7.10 a 59.8 e 2.73 e 2.46 de 39.6 e 1.54 f 0 0 0 13 0
C3 296 d 125 e 9.56 d 7.45 d 7.08 a 59.9 e 2.67 de 2.46 d 38.6 e 1.54 e 0 0 0 0 0
6 C4 298 cd 126 de 9.60 cd 7.47 cd 7.07 a 60.3 d 2.53 c 2.34 c 36.6 d 1.53 d 0 0 0 0 0
C5 299 bcd 126 cde 9.65 bc 7.50 c 7.04 a 61.2 c 2.41 b 2.23 b 34.1 c 1.51 c 0 0 0 0 7
C6 301 bc 127 bc 9.70 ab 7.53 b 6.99 a 62.2 b 2.31 a 2.15 a 31.8 b 1.50 b 0 0 0 0 18
C7 303 ab 128 b 9.75 a 7.57 a 6.94 a 63.2 a 2.25 a 2.11 a 30.2 a 1.49 a 0 0 0 0 44
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 8.  The effects of trunk length on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, MCFVD, PNLES and 
MNLBA and that on the proportion which did not satisfy the five onditions in C experiment. The explanations of the table refer to Table 4. 
n=45.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.820 0.940 0.756 0.829 -0.542 -0.476 -0.602 -0.336 0.348
ODMPPFD 0.820 1.000 0.954 0.991 0.509 -0.857 -0.566 -0.603 -0.697 0.715
3 CDMPPFD 1.000 0.900 0.953 0.831 0.772 -0.517 -0.549 -0.504 -0.249 0.315
ODMPPFD 0.900 1.000 0.970 0.981 0.511 -0.756 -0.716 -0.606 -0.486 0.589
4 CDMPPFD 1.000 0.708 0.934 0.647 0.750 -0.416 -0.336 -0.305 -0.160 0.289
ODMPPFD 0.708 1.000 0.896 0.991 0.311 -0.827 -0.771 -0.707 -0.639 0.786
5 CDMPPFD 1.000 0.912 0.974 0.839 0.800 -0.413 -0.358 -0.393 -0.060 0.206
ODMPPFD 0.912 1.000 0.931 0.971 0.631 -0.396 -0.402 -0.359 -0.052 0.283
6 CDMPPFD 1.000 0.929 0.976 0.902 0.751 -0.350 -0.357 -0.414 -0.033 0.137
ODMPPFD 0.929 1.000 0.930 0.975 0.561 -0.344 -0.361 -0.322 -0.013 0.147
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044,  respectively
Table 9.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=315) from each experimental plot of the number of 
PSBs in the experiment C. The abbreviations in the table 
refer to Table 4.
Fig. 3.  The effects of the differences of the alternatives in C experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1. The 
abbreviations of the alternatives refer to Table 1.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
2 331 138 10.17 7.80 8.41 69.4 2.04 1.93 29.9 1.38 0 0 0 11 0
E1 303 ax 128 a 9.72 a 7.53 a 6.83 c 61.7 c 2.67 a 2.50 a 37.1 a 1.54 d 0 0 0 11 0
E2 305 a 127 a 9.73 a 7.52 a 8.13 b 62.3 b 2.64 a 2.49 a 37.1 a 1.53 c 0 0 0 13 0
3 E3 306 a 127 a 9.75 a 7.52 a 8.40 a 62.3 b 2.64 a 2.46 a 37.1 a 1.52 b 0 0 0 16 0
E4 303 a 128 a 9.71 a 7.53 a 8.38 ab 62.4 b 2.65 a 2.49 a 36.8 a 1.52 a 0 0 0 11 0
E5 302 a 128 a 9.71 a 7.55 a 8.40 a 62.6 a 2.64 a 2.48 a 36.4 a 1.52 a 0 0 0 13 0
E1 292 a 125 ab 9.54 a 7.48 bc 6.85 a 60.1 b 2.55 ab 2.28 a 38.2 bc 1.47 a 0 0 0 0 20
E2 294 a 125 b 9.55 a 7.46 cd 6.85 a 60.1 b 2.57 ab 2.30 a 38.9 cd 1.47 b 0 0 0 0 18
4 E3 294 a 124 b 9.54 a 7.45 d 6.86 a 59.8 d 2.61 b 2.31 a 39.6 d 1.48 b 0 0 0 0 9
E4 292 a 126 ab 9.54 a 7.49 ab 6.84 a 59.9 c 2.55 ab 2.27 a 37.5 ab 1.48 b 0 0 0 0 22
E5 291 a 126 a 9.54 a 7.52 a 6.83 a 60.5 a 2.48 a 2.24 a 36.6 a 1.47 b 0 0 0 0 27
E1 296 a 126 abc 9.60 a 7.49 bc 6.79 a 65.6 a 2.50 bc 2.24 a 32.8 a 1.44 a 0 0 0 0 0
E2 298 a 126 bc 9.62 a 7.47 cd 6.79 a 65.5 a 2.50 bc 2.24 a 34.1 b 1.44 a 0 0 0 0 0
5 E3 298 a 125 c 9.61 a 7.45 d 6.79 a 64.9 b 2.52 c 2.25 a 34.9 b 1.44 a 0 0 0 0 0
E4 297 a 127 ab 9.62 a 7.51 ab 6.79 a 65.0 b 2.44 ab 2.24 a 32.3 a 1.44 a 0 0 0 0 0
E5 295 a 127 a 9.61 a 7.53 a 6.77 a 65.5 a 2.38 a 2.21 a 32.0 a 1.44 a 0 0 0 0 2
E1 301 a 127 bc 9.70 a 7.53 bc 6.99 a 67.6 a 2.32 ab 2.16 a 31.8 a 1.43 a 0 0 0 0 18
E2 302 a 126 cd 9.70 a 7.50 cd 6.99 a 67.3 b 2.36 bc 2.18 a 32.9 b 1.44 b 0 0 0 0 22
6 E3 302 a 126 d 9.69 a 7.49 d 7.01 a 66.6 d 2.39 c 2.20 a 34.3 c 1.45 d 0 0 0 0 11
E4 300 a 128 ab 9.69 a 7.55 ab 6.99 a 66.6 d 2.30 ab 2.14 a 31.1 a 1.44 cd 0 0 0 0 27
E5 298 a 129 a 9.68 a 7.58 a 6.99 a 67.1 c 2.28 a 2.15 a 31.4 a 1.44 c 0 0 0 0 24
xμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
zDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 10.  The effects of distribution patterns of generation interval of PSB on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, 
MCFNS, MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in E experiment. The 
explanations of the table refer to Table 4. n=45.
Fig. 4.  The effects of the differences of the alternatives in E experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1. The 
abbreviations of the alternatives refer to Table 2.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.938 0.989 0.904 0.910 -0.819 -0.593 -0.721 -0.072 0.161
ODMPPFD 0.938 1.000 0.971 0.991 0.811 -0.864 -0.513 -0.588 -0.057 0.151
3 CDMPPFD 1.000 0.918 0.995 0.903 0.197 -0.804 -0.769 -0.689 -0.130 0.144
ODMPPFD 0.918 1.000 0.950 0.997 0.112 -0.886 -0.728 -0.477 -0.130 0.185
4 CDMPPFD 1.000 0.830 0.989 0.767 0.967 -0.661 -0.541 -0.476 0.083 0.118
ODMPPFD 0.830 1.000 0.890 0.987 0.854 -0.781 -0.631 -0.604 0.018 0.271
5 CDMPPFD 1.000 0.858 0.993 0.744 0.973 -0.745 -0.499 -0.759 -0.126 0.064
ODMPPFD 0.858 1.000 0.906 0.978 0.870 -0.868 -0.748 -0.811 -0.140 0.163
6 CDMPPFD 1.000 0.775 0.991 0.726 0.953 -0.512 -0.465 -0.711 -0.120 0.070
ODMPPFD 0.775 1.000 0.836 0.993 0.817 -0.840 -0.682 -0.770 -0.064 0.054
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 11.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models (n=225) 
from each experimental plot of the number of PSBs in the 
experiment E. The abbreviations in the table refer to Table 4.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
H1 303 dx 129 c 9.72 c 7.58 d 6.72 c 62.5 c 2.33 c 2.35 c 37.7 c 1.53 d 0 0 0 33 40
H2 314 b 132 b 9.89 b 7.65 bc 7.50 b 62.4 c 2.24 b 2.14 b 35.7 b 1.50 c 0 0 0 20 47
2 H3 330 a 138 a 10.15 a 7.80 a 8.35 a 64.2 b 2.00 a 1.94 a 30.3 a 1.46 b 0 67 0 0 78
H4 312 bc 131 b 9.85 b 7.63 cd 7.44 b 65.1 a 2.29 bc 2.25 bc 35.2 b 1.45 a 0 0 0 2 7
H5 309 c 133 b 9.86 b 7.69 b 7.32 b 65.0 a 2.30 bc 2.26 bc 34.4 b 1.45 ab 0 0 0 4 4
H1 296 bc 126 a 9.59 c 7.50 a 5.97 d 61.4 ab 2.59 ab 2.67 c 38.1 ab 1.56 b 0 0 0 82 0
H2 295 c 126 a 9.59 c 7.50 a 5.97 d 61.1 d 2.59 a 2.67 c 38.2 ab 1.56 b 0 0 0 82 0
H3 298 bc 127 a 9.63 bc 7.51 a 6.23 cd 61.1 cd 2.63 abc 2.59 bc 38.0 ab 1.57 b 0 0 0 62 0
3 H4 304 a 128 a 9.73 a 7.53 a 6.83 a 61.3 bc 2.67 bc 2.50 a 37.0 a 1.56 b 0 0 0 11 0
H5 297 bc 126 a 9.60 bc 7.50 a 6.49 bc 61.5 ab 2.68 c 2.56 ab 39.0 b 1.55 a 0 0 0 38 0
H6 300 ab 126 a 9.68 ab 7.51 a 6.53 ab 61.5 ab 2.65 abc 2.52 ab 37.4 a 1.55 a 0 0 0 31 0
H7 298 bc 127 a 9.63 bc 7.52 a 6.59 ab 61.6 a 2.67 c 2.53 ab 37.6 a 1.55 a 0 0 0 36 0
H1 290 d 124 d 9.50 c 7.45 c 6.55 c 61.7 f 2.51 bc 2.23 bcd 36.6 b 1.44 b 0 0 0 0 4
H2 294 bcd 125 cd 9.59 bc 7.48 bc 6.77 bc 62.0 e 2.42 b 2.16 b 36.1 b 1.44 b 0 0 0 0 38
H3 309 a 129 a 9.83 a 7.58 a 7.32 a 62.8 d 2.20 a 2.02 a 33.5 a 1.43 a 0 0 0 0 98
4 H4 292 cd 125 bcd 9.54 c 7.48 bc 6.85 b 63.0 bc 2.57 c 2.29 cd 38.1 c 1.43 a 0 0 0 0 20
H5 297 bc 126 bc 9.65 b 7.51 b 6.72 bc 62.9 cd 2.42 b 2.20 bc 34.5 a 1.44 b 0 0 0 0 33
H6 292 cd 127 b 9.55 c 7.51 b 6.73 bc 63.0 ab 2.55 c 2.32 d 36.3 b 1.45 c 0 0 0 0 22
H7 298 b 126 bc 9.66 b 7.51 b 6.75 bc 63.1 a 2.41 b 2.18 b 34.4 a 1.45 d 0 0 0 0 49
H1 281 d 123 e 9.40 e 7.44 e 5.91 c 61.7 f 2.51 bc 2.23 bcd 36.6 b 1.44 b 0 0 0 0 0
H2 292 c 126 d 9.57 d 7.49 d 6.57 b 62.0 e 2.42 b 2.16 b 36.1 b 1.44 b 0 0 0 0 0
H3 317 a 133 a 9.96 ab 7.65 a 7.50 a 62.8 d 2.20 a 2.02 a 33.5 a 1.43 a 0 0 0 0 91
5 H4 313 ab 130 b 9.86 bc 7.58 b 7.64 a 63.0 bc 2.57 c 2.29 cd 38.1 c 1.43 a 0 0 0 0 78
H5 308 b 128 c 9.81 c 7.54 c 6.87 b 62.9 cd 2.42 b 2.20 bc 34.5 a 1.44 b 0 0 0 0 11
H6 297 c 126 d 9.61 d 7.49 d 6.79 b 63.0 ab 2.55 c 2.32 d 36.3 b 1.45 c 0 0 0 0 0
H7 320 a 130 b 9.99 a 7.61 b 7.51 a 63.1 a 2.41 b 2.18 b 34.4 a 1.45 d 0 0 0 0 91
H1 302 d 128 b 9.76 c 7.56 b 6.14 d 68.8 g 2.47 d 2.25 e 30.3 c 1.42 g 0 0 0 0 0
H2 309 c 128 b 9.85 bc 7.57 b 6.76 c 68.9 f 2.43 d 2.12 d 29.8 c 1.41 f 0 0 0 0 2
H3 329 a 133 a 10.14 a 7.67 a 7.87 a 69.6 e 2.12 c 1.93 c 27.5 b 1.40 e 13 0 0 0 69
6 H4 316 b 132 a 9.95 b 7.65 a 7.49 b 70.2 d 1.95 ab 1.83 b 28.1 b 1.38 d 0 0 0 0 100
H5 324 a 132 a 10.08 a 7.66 a 7.42 b 70.7 c 1.96 ab 1.83 b 26.0 a 1.37 c 53 0 0 0 100
H6 317 b 132 a 9.95 b 7.63 a 7.42 b 71.0 b 1.99 b 1.87 b 27.6 b 1.36 b 0 0 0 0 100
H7 324 a 132 a 10.09 a 7.67 a 7.39 b 71.3 a 1.90 a 1.76 a 25.7 a 1.35 a 53 0 0 0 100
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 12.  The effects of distribution patterns of PBS length on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, 
MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in H experiment. The explanations of the 
table refer to Table 4. n=45.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.897 0.983 0.881 0.548 -0.842 -0.771 -0.335 -0.254 0.252
ODMPPFD 0.897 1.000 0.958 0.994 0.218 -0.936 -0.658 0.029 -0.179 0.287
3 CDMPPFD 1.000 0.831 0.989 0.834 0.575 -0.606 -0.608 -0.472 -0.006 0.139
ODMPPFD 0.831 1.000 0.889 0.995 0.135 -0.833 -0.664 -0.043 0.092 0.166
4 CDMPPFD 1.000 0.928 0.997 0.928 0.919 -0.813 -0.686 -0.615 -0.033 0.251
ODMPPFD 0.928 1.000 0.937 0.995 0.888 -0.743 -0.609 -0.517 0.056 0.355
5 CDMPPFD 1.000 0.952 0.997 0.933 0.955 -0.510 -0.459 -0.370 0.112 0.640
ODMPPFD 0.952 1.000 0.957 0.992 0.918 -0.555 -0.560 -0.489 -0.002 0.559
6 CDMPPFD 1.000 0.921 0.996 0.919 0.935 -0.841 -0.551 -0.698 -0.452 0.445
ODMPPFD 0.921 1.000 0.920 0.988 0.893 -0.831 -0.646 -0.707 -0.482 0.488
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 13.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=315) from each experimental plot of the number of 
PSBs in the experiment H. The abbreviations in the table 
refer to Table 4. n=225 in the cases of 2 PSBs.
Fig. 5.  The effects of the differences of the alternatives in H experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1. The 
abbreviations of the alternatives refer to Table 2.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNWNLBNLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590>722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m3 % block block % block % % % % %
F1 330 abx 138 ab 10.15 ab 7.79 ab 8.39 a 69.2 c 2.01 a 1.93 a 30.2 a 1.38 d 0 67 0 0 78
F2 329 ab 138 ab 10.14 ab 7.79 ab 8.38 a 69.4 a 2.01 a 1.94 a 30.3 a 1.38 abc 0 67 0 0 78
F3 331 ab 136 b 10.17 ab 7.75 b 8.38 a 69.4 a 2.07 a 1.92 a 30.2 a 1.38 a 0 0 67 0 78
2 F4 327 b 137 ab 10.12 b 7.77 ab 8.38 a 69.5 a 2.07 a 1.93 a 30.3 a 1.38 cd 0 0 67 0 78
F5 333 a 138 ab 10.21 a 7.77 ab 8.41 a 69.4 a 2.03 a 1.92 a 30.6 a 1.38 bcd 0 0 42 0 78
F6 333 a 138 ab 10.21 a 7.78 ab 8.41 a 69.3 b 2.03 a 1.91 a 30.7 a 1.38 abc 0 42 0 0 78
F7 334 a 138 ab 10.21 a 7.79 ab 8.40 a 69.2 bc 2.03 a 1.93 a 30.8 a 1.38 abc 0 42 0 0 78
F8 329 ab 139 a 10.15 ab 7.80 a 8.37 a 69.1 c 2.03 a 1.93 a 30.6 a 1.38 ab 0 0 42 0 78
F1 303 a 128 c 9.72 a 7.53 c 6.83 a 61.7 d 2.67 a 2.50 a 37.1 a 1.54 e 0 0 0 11 0
F2 295 b 130 ab 9.61 bc 7.61 ab 6.84 a 62.3 c 2.67 a 2.50 a 37.0 a 1.53 d 0 0 0 11 0
F3 305 a 128 bc 9.75 a 7.54 c 6.83 a 62.5 ab 2.63 a 2.49 a 37.0 a 1.53 d 0 0 0 11 0
3 F4 293 b 130 ab 9.58 c 7.61 ab 6.83 a 62.5 a 2.63 a 2.50 a 37.1 a 1.52 c 0 0 0 11 0
F5 307 a 128 bc 9.78 a 7.54 c 6.81 a 62.5 ab 2.62 a 2.51 a 36.7 a 1.52 bc 0 0 0 18 0
F6 302 a 129 abc 9.71 ab 7.56 bc 6.80 a 62.5 ab 2.61 a 2.50 a 36.8 a 1.52 b 0 0 0 18 0
F7 302 a 129 abc 9.71 ab 7.56 bc 6.80 a 62.5 ab 2.61 a 2.51 a 36.8 a 1.52 b 0 0 0 18 0
F8 293 b 131 a 9.59 c 7.63 a 6.80 a 62.4 b 2.61 a 2.50 a 36.7 a 1.51 a 0 0 0 18 0
F1 292 b 125 bc 9.54 ab 7.48 cd 6.85 a 60.1 c 2.55 a 2.28 a 38.2 a 1.47 b 0 0 0 0 20
F2 286 c 126 ab 9.46 bc 7.52 bc 6.82 a 60.5 b 2.56 a 2.29 a 38.1 a 1.47 a 0 0 0 0 18
F3 298 a 124 c 9.62 a 7.45 d 6.85 a 60.6 a 2.55 a 2.28 a 38.0 a 1.47 b 0 0 0 0 20
4 F4 280 d 128 a 9.39 c 7.56 ab 6.82 a 60.6 a 2.56 a 2.30 a 38.2 a 1.47 c 0 0 0 0 18
F5 298 a 125 c 9.62 a 7.46 d 6.90 a 60.6 a 2.58 a 2.35 a 38.5 a 1.48 d 0 0 0 0 16
F6 295 ab 125 bc 9.58 a 7.48 cd 6.91 a 60.6 a 2.57 a 2.35 a 38.7 a 1.48 e 0 0 0 0 16
F7 295 ab 125 bc 9.58 a 7.49 cd 6.91 a 60.6 a 2.57 a 2.35 a 38.7 a 1.49 f 0 0 0 0 16
F8 282 cd 128 a 9.41 c 7.56 a 6.90 a 60.6 a 2.59 a 2.36 a 38.6 a 1.49 f 0 0 0 0 16
F1 296 a 126 c 9.60 ab 7.49 d 6.79 a 65.6 f 2.50 a 2.24 a 61.2 d 1.44 d 0 0 0 0 0
F2 284 bc 129 a 9.46 cd 7.59 a 6.81 a 66.0 e 2.50 a 2.24 a 71.9 b 1.43 b 0 0 0 0 0
F3 295 a 126 bc 9.60 ab 7.50 cd 6.79 a 66.1 d 2.46 a 2.24 a 62.5 d 1.43 ab 0 0 0 0 0
5 F4 284 bc 127 bc 9.44 cd 7.53 bc 6.81 a 66.1 d 2.46 a 2.23 a 72.9 ab 1.43 a 0 0 0 0 0
F5 298 a 126 bc 9.64 a 7.50 cd 6.73 a 66.2 c 2.50 a 2.29 a 62.2 d 1.43 a 0 0 0 0 0
F6 289 b 128 ab 9.53 bc 7.56 ab 6.75 a 66.3 b 2.48 a 2.29 a 66.3 c 1.43 b 0 0 0 0 0
F7 289 b 128 ab 9.52 bcd 7.55 ab 6.75 a 66.4 ab 2.48 a 2.29 a 66.5 c 1.44 c 0 0 0 0 0
F8 282 c 129 a 9.43 d 7.59 a 6.76 a 66.4 a 2.48 a 2.28 a 74.7 a 1.44 c 0 0 0 0 0
F1 301 ab 127 c 9.70 ab 7.53 d 6.99 a 67.6 f 2.32 a 2.16 a 31.8 a 1.43 f 0 0 0 0 18
F2 289 c 130 a 9.55 c 7.63 a 7.05 a 67.8 e 2.31 a 2.15 a 31.7 a 1.42 bc 0 0 0 0 24
F3 303 a 128 bc 9.74 a 7.56 cd 7.00 a 67.9 de 2.34 a 2.15 a 31.5 a 1.42 b 0 0 0 0 18
6 F4 288 c 130 ab 9.53 c 7.61 ab 7.07 a 67.9 cd 2.33 a 2.14 a 31.7 a 1.42 a 0 0 0 0 29
F5 304 a 127 c 9.74 a 7.53 d 6.95 a 68.0 bc 2.34 a 2.20 a 31.9 a 1.42 a 0 0 0 0 16
F6 296 b 129 ab 9.65 b 7.59 b 6.98 a 68.0 ab 2.30 a 2.18 a 31.8 a 1.42 cd 0 0 0 0 20
F7 296 b 129 ab 9.65 b 7.59 bc 6.97 a 68.1 ab 2.32 a 2.20 a 31.8 a 1.42 de 0 0 0 0 20
F8 285 c 131 a 9.49 c 7.64 a 7.02 a 68.1 a 2.32 a 2.17 a 31.6 a 1.42 e 0 0 0 0 27
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 14.  The effects of the central angles of the 1st PBS on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, 
MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in F experiment. The explanations of the 
table refer to Table 4. n=45.
Fig. 6.  The effects of the differences of the alternatives in F experiment 
on the distributions of CDMPPFD (left) and ODMPPFD 
(right) in the plot of four PSBs where the unit was μE·m-2·s-1. 
The abbreviations of the alternatives refer to Table 2.
Num. of CD- OD- CD- OCD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.868 0.985 0.825 0.823 -0.751 -0.517 -0.633 -0.114 0.085
ODMPPFD 0.868 1.000 0.919 0.990 0.688 -0.776 -0.395 -0.460 -0.069 0.047
3 CDMPPFD 1.000 0.648 0.990 0.581 0.661 -0.728 -0.611 -0.586 0.005 0.034
ODMPPFD 0.648 1.000 0.741 0.993 0.581 -0.837 -0.659 -0.482 -0.237 0.214
4 CDMPPFD 1.000 0.382 0.990 0.282 0.742 -0.619 -0.541 -0.473 0.037 0.082
ODMPPFD 0.382 1.000 0.496 0.988 0.828 -0.772 -0.546 -0.452 0.107 0.132
5 CDMPPFD 1.000 0.538 0.992 0.412 0.789 -0.721 -0.508 -0.645 -0.090 -0.092
ODMPPFD 0.538 1.000 0.629 0.987 0.853 -0.819 -0.576 -0.672 -0.042 0.289
6 CDMPPFD 1.000 0.324 0.995 0.136 0.677 -0.522 -0.369 -0.542 -0.007 -0.052
ODMPPFD 0.324 1.000 0.403 0.977 0.829 -0.640 -0.468 -0.614 -0.140 0.267
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 15.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=360) from each experimental plot of the number of 
PSBs in the experiment F. The abbreviations in the table 

























































































山形大学紀要（農学）第 18 巻　第 4号108
Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
G1 291 fx 127 e 9.54 e 7.53 e 7.13 de 62.3 f 2.59 d 2.35 de 37.2 de 1.48 g 0 0 0 0 7
G2 298 e 130 d 9.65 d 7.59 d 7.36 d 62.8 e 2.51 d 2.28 d 36.2 d 1.48 f 0 0 0 0 9
G3 306 d 133 c 9.79 c 7.67 c 7.75 c 63.5 d 2.36 c 2.16 c 34.0 c 1.47 e 0 0 0 0 29
2 G4 318 c 136 b 9.97 b 7.74 b 8.14 b 64.4 c 2.25 b 2.06 b 32.6 b 1.46 d 0 67 0 0 42
G5 325 b 138 a 10.08 a 7.80 a 8.36 ab 65.1 b 2.10 a 1.98 ab 31.3 a 1.45 c 0 42 0 0 64
G6 330 a 138 a 10.16 a 7.79 a 8.39 a 65.8 a 2.05 a 1.94 a 30.3 a 1.44 a 0 67 0 0 67
G7 287 g 126 f 9.47 e 7.50 e 6.91 e 65.8 a 2.62 d 2.43 e 38.2 e 1.44 a 0 0 0 0 4
G8 282 h 123 g 9.39 f 7.44 f 6.49 f 65.2 b 2.77 e 2.57 f 39.7 f 1.44 b 0 0 0 4 0
G1 289 ef 129 ab 9.53 cd 7.59 a 6.04 c 62.1 e 2.74 de 2.77 c 37.4 ab 1.57 g 0 0 0 91 0
G2 294 cd 129 a 9.60 bc 7.60 a 6.39 b 62.2 d 2.73 cde 2.64 b 37.1 ab 1.56 f 0 0 0 78 0
G3 299 bc 129 a 9.66 ab 7.58 a 6.67 a 62.4 c 2.73 cde 2.53 a 36.4 a 1.55 e 0 0 0 38 0
3 G4 304 a 127 bcd 9.72 a 7.53 b 6.83 a 62.5 a 2.66 abc 2.50 a 37.1 ab 1.54 d 0 0 0 11 0
G5 301 ab 127 d 9.68 ab 7.51 b 6.81 a 62.5 ab 2.63 ab 2.44 a 37.3 ab 1.53 c 0 0 0 13 0
G6 290 de 127 cd 9.53 cd 7.53 b 5.96 c 62.4 bc 2.59 a 2.44 a 37.3 ab 1.52 a 0 0 0 11 0
G7 285 f 129 abc 9.48 d 7.58 a 5.87 c 62.4 c 2.70 bcd 2.83 cd 37.4 ab 1.52 a 0 0 0 100 0
G8 279 g 126 d 9.39 e 7.53 b 5.49 d 62.4 c 2.78 e 2.92 d 37.9 b 1.53 b 0 0 0 100 0
G1 282 d 126 a 9.40 c 7.50 a 6.46 cd 61.6 a 2.70 c 2.54 cd 38.3 ab 1.52 f 0 0 0 2 0
G2 287 bc 125 ab 9.48 ab 7.50 a 6.68 ab 60.9 b 2.69 c 2.45 c 38.9 ab 1.51 f 0 0 0 0 4
G3 292 a 125 ab 9.54 a 7.48 ab 6.84 a 60.6 cd 2.56 b 2.28 b 38.0 a 1.51 e 0 0 0 0 20
4 G4 291 ab 124 c 9.52 a 7.44 c 6.57 bc 60.6 c 2.46 ab 2.29 b 38.9 ab 1.50 d 0 0 0 0 36
G5 286 c 124 bc 9.44 bc 7.46 bc 6.62 abc 60.5 de 2.46 ab 2.28 b 38.9 ab 1.49 c 0 0 0 0 38
G6 281 de 125 ab 9.38 cd 7.49 a 6.07 e 60.4 ef 2.36 a 2.22 b 38.5 ab 1.48 a 0 0 0 0 42
G7 277 e 125 abc 9.32 d 7.49 a 6.34 d 60.5 ef 2.76 c 2.59 d 39.2 bc 1.48 a 0 0 0 4 0
G8 269 f 122 d 9.21 e 7.42 c 5.93 e 60.4 f 2.76 c 0.01 a 40.0 c 1.49 b 0 0 0 9 0
G1 292 ab 125 abc 9.55 ab 7.48 ab 6.63 abc 65.8 cd 2.61 d 2.35 c 33.3 a 1.47 g 0 0 0 0 0
G2 296 a 126 ab 9.60 a 7.49 ab 6.79 a 66.1 a 2.50 c 2.24 b 32.7 a 1.46 f 0 0 0 0 0
G3 294 a 127 a 9.58 a 7.51 a 6.44 c 66.1 a 2.37 b 2.14 a 32.5 a 1.45 e 0 0 0 0 22
5 G4 296 a 127 a 9.61 a 7.50 a 6.72 ab 66.0 b 2.16 a 2.10 a 32.8 a 1.44 d 0 0 0 0 56
G5 292 ab 125 bc 9.54 ab 7.45 b 6.63 abc 65.9 c 2.23 a 2.12 a 33.3 a 1.44 c 0 0 0 0 67
G6 280 c 126 abc 9.37 c 7.50 a 5.78 e 65.7 e 2.19 a 2.08 a 33.9 a 1.43 a 0 0 0 0 67
G7 287 b 126 abc 9.48 b 7.49 ab 6.50 bc 65.8 de 2.64 de 2.51 d 33.1 a 1.43 a 0 0 0 2 0
G8 269 d 124 c 9.23 d 7.47 ab 6.07 d 65.7 e 2.70 e 2.59 d 36.3 b 1.43 b 0 0 0 0 0
G1 301 abc 127 cd 9.70 abc 7.53 cde 6.99 abc 67.6 e 2.32 d 2.16 c 31.8 c 1.43 g 0 0 0 0 18
G2 307 a 128 bcd 9.78 a 7.54 cd 7.17 ab 67.8 d 2.19 c 2.05 b 30.8 bc 1.42 f 0 0 0 0 67
G3 305 ab 129 ab 9.75 ab 7.57 abc 7.23 a 68.1 c 2.06 b 1.95 a 29.1 a 1.41 e 0 0 0 0 91
6 G4 300 bc 130 a 9.67 bc 7.60 ab 6.96 bc 68.4 b 1.97 a 1.90 a 29.6 ab 1.39 d 0 0 0 0 98
G5 297 cd 129 abc 9.63 cd 7.56 bcd 7.21 ab 68.5 a 1.95 a 1.89 a 29.3 a 1.39 b 0 0 0 0 100
G6 291 d 130 a 9.56 d 7.61 a 6.94 bc 68.6 a 1.96 a 1.89 a 29.3 a 1.38 a 0 7 0 0 100
G7 292 d 126 d 9.57 d 7.52 de 6.73 c 68.5 a 2.46 e 2.32 d 33.5 d 1.38 a 0 0 0 0 4
G8 267 e 124 e 9.57 d 7.50 e 6.36 d 68.1 c 2.61 f 2.46 e 35.5 e 1.39 c 0 0 0 0 2
xμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
zDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 16.  The effects of increment of central angle of PBS on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, 
MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions G experiment. The explanations of the 
table refer to Table 4. n=45.
Num. of CD－ OD－ CD－ OD－ LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.981 0.998 0.974 0.955 -0.954 -0.898 -0.897 -0.186 0.256
ODMPPFD 0.981 1.000 0.987 0.998 0.937 -0.958 -0.865 -0.865 -0.109 0.186
3 CDMPPFD 1.000 0.821 0.986 0.621 0.855 -0.591 -0.529 -0.723 0.131 0.206
ODMPPFD 0.821 1.000 0.722 0.983 0.683 -0.762 -0.427 -0.160 0.257 -0.142
4 CDMPPFD 1.000 0.706 0.990 0.586 0.851 -0.597 -0.647 -0.729 0.375 0.095
ODMPPFD 0.706 1.000 0.782 0.980 0.628 -0.763 -0.506 -0.468 0.219 0.224
5 CDMPPFD 1.000 0.776 0.996 0.653 0.846 -0.834 -0.500 -0.657 0.342 0.444
ODMPPFD 0.776 1.000 0.819 0.979 0.669 -0.847 -0.501 -0.598 0.031 0.235
6 CDMPPFD 1.000 0.802 0.997 0.700 0.891 -0.798 -0.622 -0.715 0.386 -0.131
ODMPPFD 0.802 1.000 0.817 0.978 0.856 -0.896 -0.748 -0.823 -0.045 0.217
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 17.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=360) from each experimental plot of the number of 
PSBs in the experiment G. The abbreviations in the table 
refer to Table 4.
Fig. 7.  The effects of the differences of the alternatives in G experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1. The 
abbreviations of the alternatives refer to Table 2.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
I1 345 ax 142 a 10.38 a 7.87 a 8.90 a 67.4 b 2.27 c 1.96 ab 32.6 b 1.36 a 0 100 0 0 20
I2 330 b 138 b 10.15 b 7.80 b 8.37 b 68.1 a 2.01 a 1.93 a 30.3 a 1.36 b 0 67 0 0 78
2 I3 297 d 129 d 9.64 d 7.58 d 6.97 e 68.0 a 2.18 bc 2.21 c 32.8 b 1.38 c 0 0 0 0 58
I4 327 b 138 b 10.15 b 7.80 b 8.13 c 68.0 a 2.15 b 2.02 ab 30.0 a 1.39 d 0 20 0 0 38
I5 320 c 136 c 10.01 c 7.74 c 7.88 d 68.1 a 2.14 b 2.04 b 32.0 b 1.40 d 0 20 0 0 47
I1 328 a 134 a 10.11 a 7.68 a 7.58 a 63.0 a 2.60 ab 2.32 a 35.9 bc 1.47 a 0 0 0 36 0
I2 303 cd 127 c 9.72 c 7.53 c 6.83 bc 63.1 a 2.66 bc 2.50 bc 37.1 cd 1.49 b 0 0 0 11 0
I3 280 f 123 e 9.38 d 7.43 e 5.70 e 62.4 bc 2.73 c 2.80 e 38.5 d 1.51 c 0 0 0 47 0
3 I4 309 b 130 b 9.86 b 7.60 b 6.60 c 62.4 bc 2.51 a 2.41 b 33.7 a 1.52 d 0 0 0 51 0
I5 299 de 128 bc 9.64 c 7.53 cd 6.72 bc 62.5 b 2.72 c 2.61 d 38.6 d 1.52 d 0 0 0 18 0
I6 297 e 125 d 9.65 c 7.48 de 6.30 d 62.2 c 2.66 bc 2.54 cd 36.5 bc 1.52 d 0 0 0 22 0
I7 308 bc 133 a 9.83 b 7.67 a 6.85 b 62.4 bc 2.51 a 2.45 bc 34.9 ab 1.52 d 0 0 0 56 0
I1 312 a 130 a 9.85 a 7.58 a 7.61 a 60.9 a 2.50 ab 2.21 d 37.9 ab 1.47 b 0 0 0 0 16
I2 292 bc 125 c 9.54 c 7.48 cd 6.85 b 61.0 a 2.55 bc 2.29 cd 38.1 ab 1.46 a 0 0 0 0 20
I3 270 e 120 e 9.21 e 7.37 f 5.92 d 60.1 b 2.86 e 2.69 a 40.5 c 1.48 c 0 0 0 2 0
4 I4 296 b 127 b 9.63 b 7.53 b 6.86 b 59.7 c 2.55 abc 2.26 d 37.1 a 1.49 e 0 0 0 0 4
I5 285 d 123 d 9.41 d 7.42 e 6.54 c 59.8 c 2.70 d 2.49 b 40.0 c 1.49 de 0 0 0 0 4
I6 292 bc 125 c 9.53 c 7.46 d 6.75 bc 59.7 c 2.45 a 2.24 d 38.7 b 1.49 e 0 0 0 0 42
I7 290 c 125 c 9.54 c 7.50 bc 6.65 bc 59.7 c 2.63 cd 2.37 c 37.9 ab 1.48 d 0 0 0 0 0
I1 319 a 131 a 9.97 a 7.60 a 7.71 a 68.4 a 2.19 a 2.00 a 31.1 bc 1.38 a 0 7 0 0 13
I2 302 c 127 bc 9.71 c 7.54 bc 7.01 c 68.5 a 2.30 c 2.14 bc 31.6 c 1.40 b 0 0 0 0 0
I3 273 f 122 d 9.31 e 7.44 d 5.88 e 67.7 b 2.46 e 2.40 d 33.4 d 1.42 c 0 0 0 0 0
5 I4 304 c 128 bc 9.77 c 7.55 b 6.86 c 67.7 b 2.22 ab 2.11 b 29.8 a 1.43 d 0 0 0 0 9
I5 296 d 127 c 9.62 d 7.51 c 6.93 c 67.8 b 2.37 d 2.20 c 32.9 d 1.43 d 0 0 0 0 2
I6 311 b 129 b 9.85 b 7.56 b 7.31 b 67.6 b 2.17 a 2.02 a 31.2 bc 1.42 d 0 0 0 0 20
I7 291 e 127 c 9.60 d 7.56 b 6.56 d 67.8 b 2.26 bc 2.15 bc 30.3 ab 1.42 c 0 0 0 0 0
I1 319 a 131 a 9.97 a 7.60 a 7.71 a 68.4 a 2.19 a 2.00 a 31.1 bc 1.38 a 0 0 7 0 91
I2 302 c 127 bc 9.71 c 7.54 bc 7.01 c 68.5 a 2.30 c 2.14 bc 31.6 c 1.40 b 0 0 0 0 18
I3 273 f 122 d 9.31 e 7.44 d 5.88 e 67.7 b 2.46 e 2.40 d 33.4 d 1.42 c 0 0 0 0 0
6 I4 304 c 128 bc 9.77 c 7.55 b 6.86 c 67.7 b 2.22 ab 2.11 b 29.8 a 1.43 d 0 0 0 0 47
I5 296 d 127 c 9.62 d 7.51 c 6.93 c 67.8 b 2.37 d 2.20 c 32.9 d 1.43 d 0 0 0 0 31
I6 311 b 129 b 9.85 b 7.56 b 7.31 b 67.6 b 2.17 a 2.02 a 31.2 bc 1.42 d 0 0 0 0 98
I7 291 e 127 c 9.60 d 7.56 b 6.56 d 67.8 b 2.26 bc 2.15 bc 30.3 ab 1.42 c 0 0 0 0 36
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 18.  The effects of distribution patterns of branching angles of the PBS on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, 
PSLB, MCFNS, MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in I experiment. The 
explanations of the table refer to Table 4. n=45.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.976 0.996 0.957 0.968 -0.436 -0.140 -0.684 -0.463 -0.428
ODMPPFD 0.976 1.000 0.987 0.994 0.924 -0.519 -0.137 -0.634 -0.387 -0.353
3 CDMPPFD 1.000 0.917 0.993 0.887 0.848 -0.673 -0.594 -0.765 -0.421 0.344
ODMPPFD 0.917 1.000 0.939 0.992 0.710 -0.726 -0.648 -0.600 -0.279 0.259
4 CDMPPFD 1.000 0.960 0.996 0.931 0.961 -0.737 -0.657 -0.770 -0.117 0.323
ODMPPFD 0.960 1.000 0.976 0.990 0.901 -0.802 -0.629 -0.712 -0.134 0.305
5 CDMPPFD 1.000 0.952 0.996 0.909 0.968 -0.721 -0.667 -0.863 -0.316 0.354
ODMPPFD 0.952 1.000 0.965 0.987 0.937 -0.766 -0.703 -0.827 -0.259 0.288
6 CDMPPFD 1.000 0.922 0.994 0.850 0.967 -0.579 -0.739 -0.880 -0.386 0.319
ODMPPFD 0.922 1.000 0.949 0.980 0.901 -0.746 -0.776 -0.878 -0.303 0.270
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044,
respectively.
Table 19.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=315) from each experimental plot of the number of 
PSBs in the experiment I. The abbreviations in the table 
refer to Table 4 ( n=225 in the case of 2 PSBs).
Fig. 8.  The effects of the differences of the alternatives in I experiment 
on the distributions of CDMPPFD (left) and ODMPPFD 
(right) in the plot of four PSBs where the unit was μE·m-2·s-1. 
The abbreviations of the alternatives refer to Table 2.
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Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
K1 345 abx 146 ab 10.45 ab 7.97 a 8.79 b 74.3 c 2.07 b 1.96 b 24.6 b 1.40 d 0 76 0 0 0
K2 350 a 147 a 10.51 a 8.00 a 9.34 a 75.8 a 1.87 a 1.79 a 20.7 a 1.37 b 0 69 89 0 98
2 K3 330 d 138 d 10.15 d 7.79 c 8.34 c 75.2 b 2.01 b 1.93 b 30.2 d 1.36 a 0 67 0 0 78
K4 339 c 144 c 10.32 c 7.90 b 7.14 d 74.1 c 2.24 c 2.50 c 26.3 c 1.38 c 0 0 0 96 0
K5 345 b 145 bc 10.39 b 7.93 b 7.32 d 73.8 d 2.61 d 2.66 d 27.3 c 1.42 e 0 13 0 100 0
K1 326 b 138 b 10.15 a 7.77 b 7.74 b 69.5 c 2.30 b 2.18 b 28.7 b 1.46 b 0 4 20 16 0
K2 332 a 140 a 10.23 a 7.84 a 8.31 a 71.2 a 2.01 a 1.93 a 25.2 a 1.44 a 0 56 0 0 82
3 K3 304 d 128 d 9.72 d 7.53 d 6.83 c 70.1 b 2.66 c 2.49 c 37.0 e 1.44 a 0 0 0 11 0
K4 313 c 132 c 9.89 c 7.65 c 6.56 c 68.3 d 2.64 c 2.61 d 34.1 d 1.47 b 0 0 0 67 0
K5 322 b 134 c 10.01 b 7.67 c 6.23 d 67.9 e 2.87 d 2.84 e 31.5 c 1.50 c 0 0 0 100 0
K1 317 a 135 b 9.99 a 7.71 b 7.79 a 66.6 c 2.24 b 2.06 b 31.2 b 1.41 b 0 0 0 0 47
K2 318 a 137 a 10.00 a 7.76 a 7.78 a 68.3 a 2.02 a 1.97 a 27.3 a 1.40 a 0 42 67 0 91
4 K3 292 c 125 d 9.54 c 7.48 d 6.84 b 67.3 b 2.56 c 2.29 c 38.1 d 1.41 b 0 0 0 0 20
K4 295 bc 127 c 9.58 bc 7.52 c 6.43 c 65.6 d 2.74 d 2.58 d 36.2 c 1.43 c 0 0 0 16 0
K5 298 b 128 c 9.63 b 7.53 c 5.99 d 64.8 e 3.23 e 2.88 e 37.2 cd 1.46 d 0 0 0 91 0
K1 311 b 134 b 9.91 b 7.69 b 7.37 b 72.1 c 2.18 b 2.05 b 26.0 b 1.39 c 0 47 0 0 27
K2 330 a 138 a 10.18 a 7.79 a 8.42 a 73.6 a 1.78 a 1.70 a 22.4 a 1.35 a 0 27 33 0 100
5 K3 297 c 126 c 9.61 c 7.49 c 6.79 c 72.7 b 2.50 c 2.23 c 32.8 c 1.35 a 0 0 0 0 0
K4 288 d 126 c 9.50 d 7.49 c 6.27 d 70.8 d 2.70 d 2.55 d 33.5 c 1.38 b 0 0 0 0 0
K5 293 cd 127 c 9.58 c 7.51 c 5.91 e 69.6 e 3.02 e 2.72 e 33.6 c 1.42 d 0 0 0 64 0
K1 316 b 135 b 9.98 b 7.71 b 7.63 b 73.1 b 2.04 b 1.96 b 25.3 b 1.36 c 100 0 67 0 51
K2 322 a 137 a 10.07 a 7.77 a 7.95 a 73.9 a 1.75 a 1.72 a 23.7 a 1.33 a 27 13 60 0 98
6 K3 301 c 127 c 9.71 c 7.53 c 7.00 c 72.9 b 2.31 c 2.16 c 31.9 c 1.34 b 0 0 0 0 18
K4 292 d 126 d 9.58 d 7.50 d 6.43 d 71.4 c 2.59 d 2.51 d 32.1 c 1.37 d 0 0 0 0 0
K5 293 d 124 d 9.58 d 7.48 d 6.05 e 70.2 d 3.10 e 2.72 e 33.9 d 1.41 e 0 0 0 4 0
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 20.  The effects of the unit types on the means of CDMPPFD,ODMPPFD,CDMPN, ODMPN, LAO, PSLB, MCFNS, MCFVD, PNLES and 
MNLBA and that on the proportion which did not satisfy the five conditions in K experiment. The explanations of the table refer to Table 4. 
n=45.
Fig. 9.  The effects of the differences of the alternatives in K experiment 
on the distributions of CDMPPFD (left) and ODMPPFD 
(right) in the plot of four PSBs where the unit was μE·m-2·s-1. 
The abbreviations of the alternatives refer to Table 3.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.918 0.983 0.876 0.478 -0.732 -0.202 -0.257 0.211 0.022
ODMPPFD 0.918 1.000 0.964 0.983 0.324 -0.805 -0.123 -0.107 0.306 -0.074
3 CDMPPFD 1.000 0.955 0.994 0.942 0.685 -0.803 -0.631 -0.555 0.101 0.160
ODMPPFD 0.955 1.000 0.977 0.996 0.684 -0.874 -0.715 -0.598 0.034 0.239
4 CDMPPFD 1.000 0.947 0.992 0.930 0.827 -0.878 -0.715 -0.680 -0.361 0.365
ODMPPFD 0.947 1.000 0.971 0.996 0.767 -0.938 -0.750 -0.676 -0.408 0.407
5 CDMPPFD 1.000 0.953 0.994 0.930 0.917 -0.928 -0.827 -0.847 -0.338 0.590
ODMPPFD 0.953 1.000 0.976 0.997 0.904 -0.971 -0.857 -0.841 -0.244 0.557
6 CDMPPFD 1.000 0.964 0.997 0.959 0.927 -0.920 -0.819 -0.840 -0.560 0.692
ODMPPFD 0.964 1.000 0.974 0.998 0.933 -0.967 -0.878 -0.891 -0.601 0.743
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, 
respectively.
Table 21.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=225) from each experimental plot of the number of 
PSBs in the experiment K. The abbreviations in the table 
refer to Table 4.
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Num. Ab. CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- TH EWW SNW NLB NLB
of PPFD PPFD PN PN NS VD ES BA >350 >400 >400 <590 >722
 PSBs cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
P1 273 fx 127 e 9.29 f 7.56 e 3.61 g 57.0 f 2.86 d 4.96 e 41.0 d 2.58 f 0 0 0 100 0
P2 298 e 130 d 9.65 e 7.61 d 5.64 f 59.2 e 2.88 d 3.13 d 36.6 c 2.14 e 0 0 0 100 0
P3 330 a 138 a 10.15 a 7.79 a 8.37 a 62.4 d 2.01 a 1.92 a 30.2 a 1.80 d 0 67 0 0 78
2 P4 306 d 132 cd 9.77 d 7.64 cd 6.39 e 63.6 c 2.58 c 2.69 c 36.8 c 1.68 c 0 0 0 89 0
P5 321 b 137 a 10.00 b 7.76 a 7.55 b 64.2 b 2.31 b 2.37 b 30.3 a 1.63 b 0 67 0 20 0
P6 313 c 134 bc 9.88 c 7.67 bc 7.03 d 64.9 a 2.49 c 2.49 b 33.9 b 1.61 ab 0 0 0 56 0
P7 317 bc 135 b 9.95 bc 7.70 b 7.29 c 65.1 a 2.51 c 2.41 b 33.2 b 1.59 a 0 0 0 40 0
P1 300 d 131 bc 9.74 d 7.61 bc 4.51 f 63.4 e 2.84 e 3.79 f 34.8 c 1.95 f 0 0 0 100 0
P2 302 d 126 d 9.67 d 7.50 e 6.34 e 63.0 f 2.84 e 2.81 e 36.9 d 1.82 e 0 0 0 76 0
P3 341 a 140 a 10.33 a 7.81 a 8.79 a 65.0 d 1.84 a 1.78 a 26.7 a 1.63 d 0 67 33 0 100
3 P4 304 d 128 d 9.73 d 7.53 de 6.83 d 65.9 c 2.67 d 2.49 d 37.1 d 1.55 c 0 0 0 11 0
P5 338 a 139 a 10.26 a 7.77 a 8.72 a 66.4 b 2.06 b 1.95 b 26.4 a 1.53 b 0 67 33 0 58
P6 315 c 130 c 9.88 c 7.58 cd 7.59 c 66.9 a 2.43 c 2.25 c 33.6 c 1.51 a 0 0 0 2 7
P7 323 b 133 b 10.03 b 7.66 b 7.95 b 66.9 a 2.35 c 2.15 c 31.7 b 1.50 a 0 0 0 0 7
P1 278 d 126 cd 9.38 d 7.51 c 3.86 e 58.5 f 2.84 d 4.28 e 38.8 d 2.10 f 0 0 0 100 0
P2 279 d 122 e 9.33 d 7.40 d 5.47 d 58.5 f 3.07 e 2.99 d 40.2 e 1.90 e 0 0 0 89 0
P3 321 a 135 a 10.02 a 7.72 a 7.94 a 60.9 e 1.87 a 1.80 a 29.3 a 1.67 d 0 33 0 0 100
4 P4 292 c 125 d 9.54 c 7.48 c 6.85 c 62.3 d 2.55 c 2.28 c 38.0 d 1.57 c 0 0 0 0 20
P5 308 b 130 b 9.75 b 7.56 b 7.31 b 62.6 c 2.38 b 2.23 bc 32.0 b 1.54 b 0 33 0 0 0
P6 302 b 127 c 9.67 b 7.51 c 7.32 b 63.2 b 2.33 b 2.14 b 34.4 c 1.52 ab 0 0 0 0 36
P7 306 b 129 b 9.75 b 7.55 b 7.42 b 63.5 a 2.29 b 2.13 b 33.3 c 1.51 a 0 0 0 0 31
P1 283 e 127 cd 9.50 e 7.54 c 4.08 g 61.5 f 2.81 f 3.80 e 35.9 e 1.95 f 0 0 0 100 0
P2 280 e 122 f 9.39 f 7.43 f 5.35 f 61.3 f 3.02 g 2.88 d 38.0 f 1.82 e 0 0 0 78 0
P3 321 a 135 a 10.03 a 7.72 a 7.75 a 63.4 e 1.81 a 1.73 a 27.6 a 1.64 d 0 0 0 0 100
5 P4 291 d 126 e 9.56 de 7.51 de 6.51 e 64.7 d 2.33 c 2.20 c 35.0 e 1.55 c 0 0 0 0 40
P5 307 b 130 b 9.81 b 7.60 b 7.27 b 65.1 c 2.19 b 2.07 b 30.1 b 1.52 b 0 0 0 0 33
P6 297 c 126 de 9.61 d 7.49 e 6.78 d 65.5 b 2.50 e 2.24 c 32.8 d 1.50 ab 0 0 0 0 0
P7 304 b 127 c 9.73 c 7.53 cd 7.02 c 65.8 a 2.42 d 2.17 bc 31.3 c 1.49 a 0 0 0 0 0
P1 286 d 127 d 9.56 e 7.55 d 4.51 e 64.3 f 2.80 c 3.33 e 34.8 e 1.77 g 0 0 0 100 0
P2 283 d 123 e 9.44 f 7.44 e 5.77 d 63.9 g 7.47 d 2.74 d 36.5 f 1.67 f 0 0 0 9 0
P3 320 a 137 a 10.07 a 7.79 a 7.60 a 66.1 e 7.46 d 1.82 a 24.9 a 1.56 e 0 0 0 0 100
6 P4 296 c 128 d 9.67 d 7.59 c 6.54 c 67.7 d 7.45 d 2.07 b 31.6 d 1.50 d 0 0 0 0 100
P5 305 b 130 c 9.76 c 7.58 c 7.08 b 68.1 c 2.28 b 2.18 c 29.1 c 1.48 c 0 0 0 0 7
P6 316 a 132 b 9.94 b 7.63 b 7.43 a 68.7 b 1.99 a 1.87 a 27.8 b 1.46 b 0 0 0 0 100
P7 319 a 133 b 9.98 b 7.65 b 7.54 a 69.2 a 1.98 a 1.88 a 27.3 b 1.44 a 0 0 0 0 100
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 22.  The effects of distribution patterns of the unit sizes on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, MCFNS, 
MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in P experiment. The explanations of the 
table refer to Table 4. n=45.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.918 0.996 0.850 0.953 -0.912 -0.820 -0.925 -0.796 0.751
ODMPPFD 0.918 1.000 0.946 0.983 0.797 -0.927 -0.791 -0.730 -0.624 0.597
3 CDMPPFD 1.000 0.946 0.992 0.933 0.857 -0.942 -0.914 -0.752 -0.471 0.399
ODMPPFD 0.946 1.000 0.976 0.996 0.660 -0.953 -0.830 -0.518 -0.258 0.259
4 CDMPPFD 1.000 0.946 0.992 0.933 0.857 -0.942 -0.914 -0.752 -0.471 0.399
ODMPPFD 0.946 1.000 0.976 0.996 0.660 -0.953 -0.830 -0.518 -0.258 0.259
5 CDMPPFD 1.000 0.901 0.990 0.856 0.855 -0.916 -0.847 -0.721 -0.504 0.452
ODMPPFD 0.901 1.000 0.949 0.992 0.612 -0.880 -0.823 -0.469 -0.214 0.207
6 CDMPPFD 1.000 0.916 0.990 0.856 0.890 -0.913 -0.834 -0.770 -0.643 0.625
ODMPPFD 0.916 1.000 0.954 0.986 0.746 -0.930 -0.823 -0.661 -0.476 0.479
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 23.  The coefficients of correlation (r) between CDMPPFD, 
ODMPPFD and other variables of all crown models (n=315) 
from each experimental plot of the number of PSBs in the 
experiment P. The abbreviations in the table refer to Table 4.
Fig. 10.  The effects of the differences of the alternatives in P experiment 
on the distributions of CDMPPFD (left) and ODMPPFD 
(right) in the plot of four PSBs where the unit was μE·m-2·s-1. 
The abbreviations of the alternatives refer to Table3.
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Num. Ab. CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- TH EWW SNW NLB NLB
of PPFD PPFD PN PN NS VD ES BA >350 >400 >400 <590 >722
 PSBs cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
Q1 333 abx 139 abc 10.19 ab 7.81 abc 8.48 ab 68.9 b 1.99 a 1.88 a 30.0 a 1.39 b 0 67 0 0 89
Q2 327 bc 137 bc 10.11 bc 7.78 bc 8.26 ab 69.4 a 2.01 a 1.94 a 30.4 a 1.37 a 0 67 0 0 78
2 Q3 323 c 136 c 10.04 c 7.74 c 8.14 b 69.1 ab 2.03 a 1.98 a 31.6 a 1.38 ab 0 67 0 0 67
Q4 336 ab 140 ab 10.24 a 7.84 ab 8.59 ab 69.1 ab 1.99 a 1.89 a 29.5 a 1.38 ab 0 67 0 0 89
Q5 338 a 141 a 10.28 a 7.86 a 8.66 a 69.4 a 2.00 a 1.89 a 28.7 a 1.38 ab 0 67 0 0 67
Q1 302 bc 127 ab 9.71 bc 7.53 ab 6.86 bc 61.7 b 2.61 ab 2.54 b 37.7 b 1.55 c 0 0 0 11 0
Q2 299 bc 127 b 9.65 bc 7.51 b 6.58 c 61.6 b 2.71 ab 2.54 b 38.1 b 1.55 c 0 0 0 22 0
3 Q3 296 c 125 b 9.60 c 7.48 b 6.48 c 61.4 b 2.74 b 2.61 b 39.1 b 1.54 bc 0 0 0 22 0
Q4 308 ab 128 ab 9.80 ab 7.56 ab 7.11 ab 61.6 b 2.61 ab 2.44 ab 36.1 ab 1.54 b 0 0 0 0 0
Q5 315 a 131 a 9.92 a 7.61 a 7.43 a 62.2 a 2.55 a 2.30 a 34.0 a 1.53 a 0 0 0 0 0
Q1 293 bc 125 bc 9.56 bc 7.49 bc 6.88 bc 60.2 ab 2.51 ab 2.27 bc 38.0 ab 1.46 a 0 0 0 0 11
Q2 288 c 124 cd 9.47 cd 7.45 cd 6.68 c 60.2 ab 2.65 bc 2.37 cd 38.8 ab 1.47 a 0 0 0 0 0
4 Q3 286 c 123 d 9.43 d 7.42 d 6.57 c 59.9 b 2.72 c 2.46 d 39.3 b 1.48 b 0 0 0 0 0
Q4 297 ab 126 ab 9.62 ab 7.51 ab 7.07 ab 60.0 ab 2.42 a 2.18 ab 37.0 ab 1.48 b 0 0 0 0 33
Q5 302 a 128 a 9.70 a 7.55 a 7.26 a 60.4 a 2.42 a 2.10 a 36.5 a 1.47 a 0 0 0 0 56
Q1 299 abc 126 bc 9.64 abc 7.50 b 6.83 abc 65.8 a 2.44 ab 2.23 bc 32.4 ab 1.43 a 0 0 0 0 0
Q2 293 bc 124 cd 9.55 bc 7.45 c 6.64 bc 65.7 a 2.53 b 2.29 cd 33.6 bc 1.44 b 0 0 0 0 0
5 Q3 289 c 123 d 9.48 c 7.43 c 6.45 c 65.1 b 2.64 c 2.37 d 34.7 c 1.45 d 0 0 0 0 0
Q4 302 ab 128 ab 9.70 ab 7.53 ab 7.04 ab 65.4 b 2.45 ab 2.16 ab 31.2 a 1.44 cd 0 0 0 0 0
Q5 306 a 129 a 9.76 a 7.56 a 7.21 a 65.9 a 2.38 a 2.12 a 30.8 a 1.44 bc 0 0 0 0 0
Q1 303 ab 128 bc 9.74 ab 7.55 bc 7.08 ab 68.2 a 2.27 a 2.13 abc 31.4 b 1.43 bc 0 0 0 0 11
Q2 298 bc 126 cd 9.66 bc 7.51 cd 6.77 b 67.7 b 2.35 ab 2.22 bc 32.8 c 1.43 ab 0 0 0 0 11
6 Q3 294 c 125 d 9.60 c 7.48 d 6.74 b 67.2 c 2.44 b 2.25 c 33.5 c 1.44 c 0 0 0 0 0
Q4 305 ab 128 ab 9.76 ab 7.56 ab 7.20 a 67.3 c 2.29 a 2.12 ab 31.2 b 1.43 ab 0 0 0 0 11
Q5 309 a 130 a 9.84 a 7.60 a 7.37 a 67.7 b 2.25 a 2.07 a 29.9 a 1.43 a 0 0 0 0 56
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 24.  The effects of distribution pattens of the generation intervals of the units on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, 
PSLB, MCFNS, MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in Q experiment. The 
explanations of the table refer to Table 4. n=9.
Fig. 11.  The effects of the differences of the alternatives in Q experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1. The 
abbreviations of the alternatives refer to Table 3.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.916 0.989 0.875 0.917 -0.792 -0.545 -0.729 -0.231 0.339
ODMPPFD 0.916 1.000 0.955 0.991 0.806 -0.828 -0.446 -0.561 -0.223 0.361
3 CDMPPFD 1.000 0.936 0.996 0.931 0.795 -0.782 -0.746 -0.697 -0.498 0.559
ODMPPFD 0.936 1.000 0.962 0.998 0.587 -0.868 -0.692 -0.472 -0.360 0.534
4 CDMPPFD 1.000 0.946 0.996 0.932 0.977 -0.794 -0.589 -0.462 0.163 0.366
ODMPPFD 0.946 1.000 0.959 0.994 0.923 -0.728 -0.611 -0.554 0.081 0.291
5 CDMPPFD 1.000 0.951 0.998 0.908 0.981 -0.854 -0.618 -0.784 -0.231 0.407
ODMPPFD 0.951 1.000 0.965 0.991 0.931 -0.902 -0.715 -0.866 -0.186 0.383
6 CDMPPFD 1.000 0.956 0.997 0.954 0.966 -0.722 -0.418 -0.755 -0.515 0.309
ODMPPFD 0.956 1.000 0.958 0.994 0.928 -0.826 -0.504 -0.763 -0.528 0.296
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.974,  r > 0.917 or r > 0.814, respectively.
Table 25.  The coefficients of correlations between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=45) from each experimental plot of the number of 
PSBs in the experiment Q. The abbreviations in the table 
refer to Table 4.
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Num. Ab. CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- TH EWW SNW NLB NLB
of PPFD PPFD PN PN NS VD ES BA >350 >400 >400 <590 >722
 PSBs cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
S1 319 bx 134 b 9.95 b 7.67 b 7.97 c 65.8 c 2.14 c 2.08 cd 32.3 bc 1.45 d 0 0 0 0 0
S2 329 ab 138 ab 10.14 ab 7.78 ab 8.08 bc 68.2 b 1.91 a 1.95 bc 28.0 a 1.43 c 0 0 0 0 0
S3 329 ab 140 a 10.17 ab 7.86 a 8.46 abc 69.4 a 2.09 bc 1.98 bcd 29.7 abc 1.41 b 0 0 0 0 0
S4 339 a 141 a 10.27 a 7.84 a 8.90 a 69.9 a 1.87 a 1.77 a 28.5 a 1.39 b 0 0 0 0 0
2 S5 325 ab 136 ab 10.06 ab 7.74 ab 8.05 bc 69.5 a 2.28 d 2.10 d 33.3 c 1.39 ab 0 0 0 0 0
S6 331 ab 138 ab 10.16 ab 7.79 ab 8.47 abc 69.4 a 1.90 a 1.83 ab 30.3 abc 1.38 ab 0 0 0 0 0
S7 337 a 141 a 10.27 a 7.87 a 8.56 ab 69.5 a 1.99 ab 1.90 ab 29.5 ab 1.38 ab 0 0 0 0 0
S8 334 ab 140 a 10.24 ab 7.83 a 8.53 abc 69.7 a 1.99 ab 1.91 ab 28.4 a 1.38 a 0 0 0 0 0
S9 328 ab 136 ab 10.10 ab 7.75 ab 8.39 abc 69.7 a 2.00 ab 1.85 ab 32.4 bc 1.37 a 0 0 0 0 0
S1 297 a 125 ab 9.60 a 7.48 b 6.20 a 60.6 c 2.86 c 2.64 a 38.3 a 1.52 bc 0 0 0 20 0
S2 303 a 128 ab 9.73 a 7.55 ab 6.50 a 61.9 b 2.72 abc 2.65 a 36.1 a 1.54 d 0 0 0 20 0
S3 317 a 132 a 9.95 a 7.64 a 7.19 a 62.9 a 2.58 ab 2.42 a 34.7 a 1.54 cd 0 0 0 20 0
S4 299 a 125 b 9.63 a 7.46 b 6.91 a 62.6 a 2.77 bc 2.43 a 40.1 a 1.52 bc 0 0 0 40 0
3 S5 313 a 130 ab 9.88 a 7.61 ab 7.17 a 62.7 a 2.48 a 2.36 a 35.1 a 1.52 ab 0 0 0 0 0
S6 302 a 126 ab 9.68 a 7.49 ab 7.14 a 62.6 a 2.60 ab 2.38 a 38.3 a 1.51 ab 0 0 0 0 0
S7 300 a 127 ab 9.67 a 7.52 ab 6.61 a 62.7 a 2.75 bc 2.56 a 35.8 a 1.51 a 0 0 0 0 0
S8 303 a 127 ab 9.71 a 7.53 ab 6.71 a 62.6 a 2.64 abc 2.51 a 37.8 a 1.52 ab 0 0 0 0 0
S9 303 a 127 ab 9.71 a 7.53 ab 6.96 a 62.7 a 2.61 abc 2.44 a 35.6 a 1.52 ab 0 0 0 0 0
S1 283 b 124 a 9.38 b 7.43 a 6.46 b 56.6 c 2.80 b 2.35 a 41.3 c 1.45 a 0 0 0 0 0
S2 290 ab 125 a 9.49 ab 7.46 a 6.66 ab 58.3 b 2.51 ab 2.29 a 37.0 ab 1.48 b 0 0 0 0 0
S3 303 a 127 a 9.72 a 7.54 a 7.27 a 60.3 a 2.68 ab 2.41 a 36.0 a 1.49 b 0 0 0 0 0
S4 287 ab 124 a 9.45 ab 7.45 a 6.66 ab 60.3 a 2.63 ab 2.30 a 40.4 bc 1.48 b 0 0 0 0 0
4 S5 297 ab 126 a 9.62 ab 7.50 a 7.07 ab 60.3 a 2.53 ab 2.36 a 37.4 ab 1.49 b 0 0 0 0 0
S6 296 ab 125 a 9.58 ab 7.47 a 7.01 ab 60.7 a 2.64 ab 2.28 a 37.7 abc 1.49 b 0 0 0 0 0
S7 291 ab 125 a 9.51 ab 7.46 a 6.82 ab 60.8 a 2.43 ab 2.19 a 37.3 ab 1.49 b 0 0 0 0 0
S8 290 ab 126 a 9.52 ab 7.49 a 6.70 ab 60.7 a 2.60 ab 2.26 a 39.4 abc 1.48 b 0 0 0 0 0
S9 291 ab 125 a 9.53 ab 7.48 a 6.76 ab 60.6 a 2.32 a 2.22 a 37.8 abc 1.48 b 0 0 0 0 0
S1 283 c 123 a 9.40 c 7.44 a 6.34 b 63.1 c 2.60 a 2.31 a 35.1 a 1.52 c 0 0 0 0 0
S2 296 abc 126 a 9.60 abc 7.49 a 6.77 ab 64.9 b 2.50 a 2.22 a 31.8 a 1.46 b 0 0 0 0 0
S3 309 a 128 a 9.78 a 7.52 a 7.28 a 65.8 a 2.60 a 2.26 a 32.1 a 1.45 b 0 0 0 0 0
S4 294 abc 126 a 9.57 abc 7.49 a 6.65 ab 65.9 a 2.50 a 2.19 a 32.8 a 1.44 a 0 0 0 0 0
5 S5 299 abc 126 a 9.64 abc 7.50 a 6.78 ab 66.0 a 2.45 a 2.22 a 32.5 a 1.43 a 0 0 0 0 0
S6 290 abc 125 a 9.51 abc 7.47 a 6.48 ab 65.9 a 2.51 a 2.28 a 33.7 a 1.44 a 0 0 0 0 0
S7 287 bc 124 a 9.46 bc 7.45 a 6.37 b 65.8 a 2.52 a 2.35 a 33.9 a 1.44 a 0 0 0 0 0
S8 304 ab 127 a 9.72 ab 7.50 a 7.18 ab 65.9 a 2.47 a 2.12 a 31.8 a 1.44 a 0 0 0 0 0
S9 307 a 128 a 9.76 ab 7.52 a 7.31 a 66.1 a 2.39 a 2.13 a 30.6 a 1.44 a 0 0 0 0 0
S1 293 a 126 a 9.56 b 7.49 a 6.60 a 66.3 c 2.27 a 2.16 a 32.2 a 1.45 d 0 0 0 0 0
S2 299 a 127 a 9.67 ab 7.52 a 6.86 a 67.1 b 2.38 a 2.27 a 31.7 a 1.45 cd 0 0 0 0 0
S3 309 a 129 a 9.84 a 7.59 a 7.32 a 67.7 a 2.28 a 2.18 a 32.0 a 1.44 bcd 0 0 0 0 0
S4 300 a 128 a 9.71 ab 7.55 a 6.95 a 67.8 a 2.39 a 2.13 a 31.0 a 1.44 abc 0 0 0 0 0
6 S5 300 a 127 a 9.69 ab 7.52 a 6.98 a 67.7 a 2.36 a 2.22 a 32.7 a 1.44 abc 0 0 0 0 0
S6 297 a 126 a 9.63 ab 7.50 a 6.85 a 67.7 a 2.24 a 2.13 a 32.1 a 1.43 ab 0 0 0 0 0
S7 297 a 126 a 9.63 ab 7.50 a 6.79 a 67.6 a 2.33 a 2.19 a 32.4 a 1.43 ab 0 0 0 0 0
S8 307 a 128 a 9.80 ab 7.56 a 7.21 a 67.7 a 2.33 a 2.08 a 31.6 a 1.43 ab 0 0 0 0 0
S9 307 a 128 a 9.80 ab 7.56 a 7.40 a 67.7 a 2.33 a 2.13 a 32.3 a 1.42 a 0 0 0 0 0
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's  multiple range test.
Table 26.  The effects of distribution patterns of branching angles of the units on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, 
PSLB, MCFNS, MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in S experiment. The 
explanations of the table refer to Table 4. n=5.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.943 0.991 0.910 0.883 -0.813 -0.548 -0.693 -0.474 0.578
ODMPPFD 0.943 1.000 0.971 0.992 0.818 -0.828 -0.450 -0.546 -0.391 0.567
3 CDMPPFD 1.000 0.936 0.996 0.931 0.795 -0.782 -0.746 -0.697 -0.498 0.559
ODMPPFD 0.936 1.000 0.962 0.998 0.587 -0.868 -0.692 -0.472 -0.360 0.534
4 CDMPPFD 1.000 0.946 0.996 0.932 0.977 -0.794 -0.589 -0.462 0.163 0.366
ODMPPFD 0.946 1.000 0.959 0.994 0.923 -0.728 -0.611 -0.554 0.081 0.291
5 CDMPPFD 1.000 0.951 0.998 0.908 0.981 -0.854 -0.618 -0.784 -0.231 0.407
ODMPPFD 0.951 1.000 0.965 0.991 0.931 -0.902 -0.715 -0.866 -0.186 0.383
6 CDMPPFD 1.000 0.956 0.997 0.954 0.966 -0.722 -0.418 -0.755 -0.515 0.309
ODMPPFD 0.956 1.000 0.958 0.994 0.928 -0.826 -0.504 -0.763 -0.528 0.296
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.872,  r > 0.764 or r > 0.631, respectively.
Table 27.  The coefficients of correlations between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=25) from each experimental plot of the number of 
PSBs in the experiment S. The abbreviations in the table 
refer to Table 4.
Fig. 12.  The effects of the differences of the alternatives in S experiment 
on the distributions of CDMPPFD (left) and ODMPPFD 
(right) in the plot of four PSBs where the unit was μE·m-2·s-1. 
The abbreviations of the alternatives refer to Table 3.
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Fig. 13.  The effects of the differences of the alternatives in Y experiment 
on the distributions of CDMPPFD (left) and ODMPPFD (right) 
in the plot of four PSBs where the unit was μE·m-2·s-1.The 
abbreviations of the alternatives refer to Table 3.
Num. of CD- OD- CD- OD- LAO PNLES MCFNS MCFVD MNLBA PSLB
PBS MPPFD MPPFD MPN MPN
2 CDMPPFD 1.000z 0.936 0.995 0.893 0.957 -0.701 -0.644 -0.771 -0.228 0.100
ODMPPFD 0.936 1.000 0.964 0.992 0.879 -0.789 -0.665 -0.766 -0.300 0.118
3 CDMPPFD 1.000 0.942 0.995 0.915 0.874 -0.819 -0.635 -0.686 -0.111 0.086
ODMPPFD 0.942 1.000 0.966 0.994 0.741 -0.861 -0.649 -0.565 -0.114 0.173
4 CDMPPFD 1.000 0.919 0.996 0.882 0.950 -0.796 -0.798 -0.810 -0.403 -0.004
ODMPPFD 0.919 1.000 0.942 0.991 0.816 -0.785 -0.750 -0.695 -0.399 0.067
5 CDMPPFD 1.000 0.954 0.995 0.902 0.967 -0.821 -0.748 -0.763 -0.297 0.251
ODMPPFD 0.954 1.000 0.972 0.985 0.894 -0.847 -0.755 -0.720 -0.316 0.258
6 CDMPPFD 1.000 0.953 0.998 0.921 0.966 -0.878 -0.802 -0.838 -0.344 0.289
ODMPPFD 0.953 1.000 0.963 0.991 0.932 -0.869 -0.725 -0.733 -0.290 0.301
z Significance at 0.1 % level, 1% level or 5 % level  if  r > 0.4816,  r > 0.3922 or r > 0.3044, respectively.
Table 29.  The coefficients of correlations between CDMPPFD, 
ODMPPFD and other variables of all crown models 
(n=405) from each experimental plot of the number of 
PSBs in the experiment Y. The abbreviations in the table 
refer to Table 4.
Num. Ab. Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean TH EWW SNW NLB NLB
of CDM- ODM- CDM- ODM- LAO PSLB MCF- MCF- PNL- MNL- >350 >400 >400 <590 >722
 PSBs PPFD PPFD PN PN NS VD ES BA cm cm cm
Unit Unit1z Unit1 Unit2ｙ Unit2 m2 % block block % block % % % % %
Y1 323 cdx 138 b 10.07 cd 7.80 b 7.99 cd 66.3 f 2.14 c 2.04 bc 33.0 c 1.41 e 0 100 0 2 4
Y2 328 b 139 b 10.13 bc 7.81 b 8.19 bc 67.5 e 2.06 abc 2.00 ab 30.4 a 1.41 d 0 100 0 0 2
Y3 321 d 138 b 10.06 cd 7.82 b 7.92 d 68.1 c 2.02 ab 1.95 a 31.3 ab 1.40 b 0 82 0 0 13
Y4 319 d 138 b 10.02 d 7.81 b 7.79 de 68.2 c 2.14 c 2.09 cd 31.6 ab 1.40 b 0 100 0 0 0
2 Y5 327 bc 139 b 10.13 bc 7.82 b 8.16 bc 68.4 b 2.05 abc 1.95 a 30.5 a 1.40 b 0 100 0 0 7
Y6 349 a 143 a 10.46 a 7.91 a 9.10 a 68.5 a 2.09 bc 1.97 ab 31.5 ab 1.40 a 0 100 0 2 27
Y7 289 f 128 d 9.50 f 7.56 d 6.61 f 68.1 c 2.39 d 2.44 e 36.8 d 1.41 c 0 67 0 0 11
Y8 310 e 133 c 9.82 e 7.67 c 7.60 e 67.6 d 2.11 c 2.12 d 32.5 bc 1.42 f 0 69 0 0 40
Y9 330 b 138 b 10.15 b 7.80 b 8.36 b 67.7 d 2.00 a 1.95 a 30.3 a 1.42 f 0 67 0 0 78
Y1 301 c 127 de 9.68 c 7.52 c 6.94 bc 60.9 e 2.53 a 2.32 a 37.5 bc 1.47 a 0 0 0 2 0
Y2 299 c 127 cd 9.68 c 7.54 bc 6.78 bc 61.0 de 2.46 a 2.33 a 37.6 bc 1.48 bc 0 0 0 4 0
Y3 298 c 128 bcd 9.68 c 7.56 b 6.73 c 61.0 cd 2.49 a 2.35 a 37.6 bc 1.47 b 0 0 0 11 0
Y4 307 b 130 b 9.79 b 7.58 b 7.09 b 61.2 c 2.48 a 2.35 a 36.9 b 1.48 c 0 0 0 13 0
3 Y5 301 c 129 bc 9.70 bc 7.58 b 6.83 bc 61.4 b 2.45 a 2.42 ab 37.6 bc 1.48 d 0 0 0 4 0
Y6 329 a 136 a 10.14 a 7.73 a 7.50 a 61.7 a 2.49 a 2.33 a 35.1 a 1.49 e 0 0 0 51 0
Y7 284 d 125 e 9.46 d 7.49 cd 5.72 e 61.8 a 2.78 c 2.93 d 38.6 c 1.50 f 0 0 0 69 0
Y8 290 d 125 e 9.51 d 7.47 d 6.25 d 61.5 b 2.75 bc 2.71 c 38.9 c 1.51 g 0 0 0 27 0
Y9 304 bc 128 cd 9.73 bc 7.53 bc 6.83 bc 61.5 b 2.67 b 2.49 b 37.0 b 1.51 h 0 0 0 11 0
Y1 293 b 124 c 9.55 b 7.45 d 6.72 b 58.9 d 2.49 bc 2.27 a 38.6 bc 1.48 d 0 0 0 0 44
Y2 295 b 125 bc 9.59 b 7.47 bcd 6.80 b 59.1 c 2.40 ab 2.23 a 39.0 bc 1.48 c 0 0 0 0 38
Y3 297 b 126 b 9.63 b 7.51 b 6.92 b 59.1 c 2.36 a 2.20 a 38.9 bc 1.48 ab 0 0 0 0 38
Y4 293 b 125 bc 9.55 b 7.47 cd 6.84 b 59.0 cd 2.41 ab 2.29 a 39.8 cd 1.47 a 0 0 0 0 42
4 Y5 294 b 126 b 9.57 b 7.49 bc 6.83 b 59.0 cd 2.36 a 2.26 a 38.7 bc 1.48 a 0 0 0 0 36
Y6 315 a 131 a 9.90 a 7.61 a 7.47 a 59.4 a 2.43 ab 2.25 a 36.7 a 1.48 bc 0 0 0 4 7
Y7 270 d 121 d 9.22 c 7.38 e 5.49 d 59.4 a 2.89 e 2.90 c 40.5 d 1.49 e 0 0 0 16 0
Y8 278 c 121 d 9.30 c 7.37 e 6.20 c 59.3 b 2.75 d 2.57 b 39.7 cd 1.50 f 0 0 0 0 0
Y9 292 b 125 b 9.54 b 7.48 bcd 6.84 b 59.3 b 2.56 c 2.28 a 38.2 b 1.50 f 0 0 0 0 20
Y1 284 de 123 de 9.43 de 7.43 de 6.25 c 63.9 c 2.29 a 2.13 a 33.5 b 1.43 c 0 0 0 0 42
Y2 292 cd 125 cd 9.55 cd 7.47 cd 6.61 b 64.4 b 2.22 a 2.06 a 33.1 ab 1.42 b 0 0 0 0 58
Y3 301 b 126 bc 9.68 b 7.50 c 6.83 b 64.6 a 2.26 a 2.06 a 33.2 ab 1.42 a 0 0 0 0 47
Y4 300 bc 126 bc 9.67 b 7.49 c 6.91 ab 64.6 a 2.31 a 2.11 a 34.1 bc 1.42 a 0 0 0 0 27
5 Y5 295 bc 127 b 9.65 bc 7.54 b 6.61 b 64.4 b 2.22 a 2.07 a 33.9 bc 1.42 a 0 0 0 0 49
Y6 312 a 131 a 9.89 a 7.62 a 7.23 a 64.7 a 2.26 a 2.13 a 31.8 a 1.42 a 0 0 0 0 13
Y7 275 f 121 f 9.32 e 7.40 e 5.75 d 64.6 a 2.75 c 2.69 d 35.7 d 1.43 bc 0 0 0 9 0
Y8 281 ef 122 ef 9.40 e 7.41 e 6.21 c 64.3 b 2.53 b 2.42 c 35.1 cd 1.44 d 0 0 0 0 4
Y9 297 bc 126 bc 9.61 bc 7.49 c 6.79 b 64.3 b 2.49 b 2.23 b 32.7 ab 1.44 d 0 0 0 0 0
Y1 295 c 125 cd 9.60 c 7.48 de 6.71 cd 67.6 d 2.12 a 1.98 a 30.8 bcd 1.38 b 0 0 0 0 42
Y2 303 b 127 bc 9.72 b 7.51 cd 6.96 bc 68.1 b 2.06 a 1.92 a 30.1 ab 1.37 a 0 0 0 0 58
Y3 303 b 127 b 9.74 b 7.54 bc 6.82 bcd 68.1 ab 2.04 a 1.92 a 31.1 bcd 1.37 a 0 0 0 0 47
Y4 304 b 127 b 9.75 b 7.54 bc 7.03 b 67.9 c 2.05 a 1.90 a 31.4 cd 1.37 a 0 0 0 0 27
5 Y5 298 bc 127 b 9.69 bc 7.56 b 6.58 d 67.9 c 2.04 a 1.93 a 30.2 abc 1.37 a 0 0 0 0 49
Y6 317 a 133 a 9.96 a 7.66 a 7.57 a 68.2 a 2.11 a 1.95 a 28.9 a 1.37 a 0 0 0 0 13
Y7 271 e 121 e 9.26 e 7.41 f 5.81 f 67.9 c 2.67 c 2.63 d 35.7 f 1.38 c 0 0 0 9 0
Y8 280 d 124 d 9.39 d 7.46 e 6.23 e 67.3 e 2.39 b 2.32 c 33.5 e 1.40 d 0 0 0 0 4
Y9 301 bc 127 b 9.71 b 7.54 bc 7.00 b 67.2 e 2.31 b 2.15 b 31.8 d 1.40 e 0 0 0 0 0
zμE・m-2・s-1.
ymg・CO2・dm-2・h-1.
xDifferent letters indicate significance at 5% level by Tukey's multiple range test.
Table 28.  The effects of specification of the rotaion angles of the units on the means of CDMPPFD, ODMPPFD, CDMPN, ODMPN, LAO, PSLB, 
MCFNS, MCFVD, PNLES and MNLBA and that on the proportion which did not satisfy the five conditions in Y experiment. The 
explanations of the table refer to Table 4. n=45.
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Orders Num. of Alternatives Total Remained
PSBs A K C E F G H I P Q S Y Num. %
2 A1 K3 C5, C4 E3, E2 F7,  F6 G6, G5 H3, H2, H4 I1, I2 P3, P5 Q5, Q4 S4, S7 Y6, Y9, Y2 2304 9.7
High 3 A1 K3 C6, C5 E3, E2 F5, F3 G4, G5 H4, H6, H3 I1, I4 P3, P5 Q5, Q4 S3, S5 Y6, Y4, Y9 2304 7.9
order 4 A1 K3 C6, C5 E3, E2 F5, F3 G3, G4 H2, H7, H5 I1, I4 P7, P5 Q5, Q4 S3, S5 Y6, Y3, Y2 2304 9.1
5 A1 K3 C7, C6 E3, E2 F5, F3 G2, G4 H4, H7, H5 I1, I6 P7, P5 Q5, Q4 S3, S9 Y6, Y3, Y4 2304 12.8
6 A1 K3 C7, C6 E3, E2 F5, F3 G2, G3 H2, H1, H3 I1, I6 P6, P7 Q5, Q4 S3, S8 Y6, Y4, Y9 2304 14.0
2 A1 K3 C3, C2 E1, E4 F5, F3 G4, G3 H5, H2 I4, I5 P7, P6 Q1, Q2 S8, S6 Y3, Y7 1024 1.8
Medium 3 A1 K3 C4, C3 E1, E4 F1, F6 G3, G2 H7, H4 I7, I2 P7, P6 Q1, Q2 S8, S9 Y5, Y1 1024 21.1
order 4 A1 K3 C4, C3 E1, E4 F6, F7 G2, G5 H2, H6 I2, I6 P7, P6 Q1, Q2 S6, S7 Y1, Y4 1024 74.4
5 A1 K3 C5, C4 E1, E4 F1, F7 G3, G1 H5, H4 I4, I2 P7, P6 Q1, Q2 S8, S6 Y9, Y5 1024 67.1
6 A1 K3 C5, C4 E1, E4 F1,F6 G4, G1 H2, H6 I4, I2 P7, P6 Q1, Q2 S9, S5 Y9, Y2 1024 41.1
2 A1 K3 C6, C1 E5, E4 F1, F2 G2, G1 H1, H5 I3, I5 P4, P2 Q3, Q2 S2, S5 Y4, Y8 1024 1.4
Low 3 A1 K3 C1, C2 E5, E4 F7, F2 G6, G1 H3, H7 I5, I6 P4, P2 Q3, Q2 S6, S2 Y3, Y2 1024 25.9
order 4 A1 K3 C2, C7 E5, E4 F1, F2 G6, G1 H4, H6 I7, I5 P4, P2 Q3, Q2 S9, S8 Y4, Y9 1024 38.1
5 A1 K3 C2, C3 E5, E4 F6, F4 G5, G7 H2, H4 I5, I7 `P4, P1 Q3, Q2 S5, S4 Y2, Y1 1024 33.0
6 A1 K3 C2, C3 E5, E4 F7, F2 G5, G7 H4, H6 I5, I7 P4, P2 Q3, Q2 S2, S7 Y5, Y1 1024 45.5
Table 30.  Combinations as all-play-all of the alternatives for training and pruning procedures within the each order, namely , high, medium and low 
effect for improvement of the light environment, which were found in the Experiment 1. Abbreviations of the alternatives refer to Table 1, 
























































Rank- Series of the alternatives Total CDM- ODM- LAO PSLB MCF- MCF- PNL-
ing in training and pruning procedure units PPFD PPFD NS VD ES
Unit1z Unit1z m2 % block block %
1 C5A1K3D2E2H4I1F6G6P3S7Y9Q5 13 345.5 142.5 7.84 72.0 2.22 2.06 24.8
2 C5A1K3D2E3H4I1F6G6P3S7Y9Q5 13 345.5 142.3 7.84 71.8 2.21 2.07 26.2
3 C5A1K3D2E2H4I1F5G6P3S7Y9Q4 13 345.3 142.2 7.76 71.7 2.26 2.04 24.9
4 C5A1K3D2E2H4I1F5G6P3S7Y9Q5 13 345.1 142.1 7.84 72.1 2.20 2.07 25.9
5 C5A1K3D2E3H4I1F5G6P3S7Y9Q5 13 344.4 141.9 7.84 71.8 2.26 2.09 25.9
6 C5A1K3D2E3H4I1F6G6P3S7Y9Q4 13 344.3 142.3 7.76 71.5 2.24 2.09 24.3
7 C5Ａ1K3D2E3H4I1F5G6P3S7Y9Q4 13 343.9 142.3 7.77 71.5 2.25 2.07 24.7
8 C5A1K3D2E2H4I1F6G6P3S7Y9Q4 13 343.8 142.1 7.77 71.7 2.22 2.07 25.0
9 C4A1K3D2E2H4I1F5G6P3S7Y9Q4 13 342.9 141.4 7.77 71.6 2.32 2.07 27.1
10 C4A1K3D2E2H4I1F6G6P3S7Y9Q5 13 342.8 141.3 7.84 71.6 2.37 2.10 29.1
zμE・m-2・s-1.
Table 31.  The crown models from the top to the tenth in order of 
CDMPPFD value from the plot of two PSBs in the 
experiment 2, their series of the alternatives in training 
and pruning procedures, total numbers of the units, 
ODMPPFD, and other variables. The explanations of 
the alternatives refer to Table 1, 2 and 3. The 
abbreviations of the variables refer to Table 4.
Fig.14.  The scatter diagram between CDMPPFD and ODMPPFD of the remained crown models of the two PSBs after Experiment 2. 
The combinations were done as all-play-all of the alternatives for training-pruning procedures within the each order, namely, 
high, medium and low effect for improvement of the light environment, which were found in the Experiment 1.
Fig.15.  The view from the south (a), that from the east (b), that from the top (c) and the solid model (d) of the top ranking model in the 
experimental plot of two PSBs, which series of the alternatives was C5A1K3D2E2H4I1F7G6P3S7Y9Q5 shown in Table 31. A 
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Fig.16.  The scatter diagram between CDMPPFD and ODMPPFD of the remained crown models of the three PSBs after Experiment 2. 
The combinations were done as all-play-all of the alternatives for training – pruning procedures within the each order, namely, 
high, medium and low effect for improvement of the light environment, which were found in the Experiment 1.
Fig.17.  The view from the south (a), that from the east (b), that from the top (c) and the solid model (d) of the first ranking model in the 
experimental plot of three PSBs, which series of the alternatives was C6A1K3D3E3H4I1F5G4P3S5Y4Q4 shown in Table 32. 
A horizontal line indicates 50 cm.
Rank- Series of the alternatives. Total CDM- ODM- LAO PSLB MCF- MCF- PNL-
ing units PPFD PPFD NS VD ES
Unit1z Unit1z m2 % block block %
1 C6A1K3D3E3H4I1F5G4P3S5Y4Q4 14 373.3 148.0 9.11 74.7 2.15 1.92 23.8
2 C6A1K3D3E3H4I1F5G4P3S5Y6Q4 14 371.2 147.3 9.11 74.7 2.16 1.93 23.8
3 C6A1K3D3E2H4I1F5G4P3S5Y9Q4 14 362.0 144.2 9.29 74.8 2.04 1.76 25.2
4 C6A1K3D3E2H4I1F5G5P3S5Y9Q4 14 360.5 146.3 9.15 74.8 1.95 1.75 24.7
5 C5A1K3D3E2H4I1F5G4P3S5Y9Q4 14 357.9 142.6 9.25 74.6 2.00 1.78 26.7
6 C6A1K3D3E3H4I1F5G5P3S5Y9Q4 14 357.0 145.4 8.96 74.7 1.90 1.76 23.0
7 C5A1K3D3E3H4I1F5G5P3S5Y9Q4 14 356.5 144.2 9.18 74.8 1.93 1.74 25.0
8 C6A1K3D3E2H4I1F5G4P3S5Y9Q5 14 356.2 142.9 8.85 75.9 2.17 1.83 26.4
9 C6A1K3D3E2H4I4F5G4P3S5Y6Q4 14 355.7 142.4 8.56 74.8 2.14 1.95 22.6
10 C6A1K3D3E3H4I1F5G5P3S5Y9Q5 14 355.1 145.3 8.82 76.0 1.92 1.79 23.5
yμE・m-2・s-1.
Table 32.  The crown models from the top to the tenth in order of 
CDMPPFD value from the plot of three PSBs in the 
experiment 2, their series of the alternatives and other 
variables. The explanations of the alternatives refer to 













Rank- Series of the alternatives. Total CDM- ODM- LAO PSLB MCF- MCF- PNL-
ing units PPFD PPFD NS VD ES
Unit1z Unit1z m2 % block block %
1 C5A1K3D4E2H2I1F3G3P3S3Y6Q4 15 369.8 149.0 10.02 75.76 2.10 1.71 25.5
2 C6A1K3D4E3H2I1F3G3P3S3Y6Q4 15 369.0 149.2 10.02 75.35 1.98 1.66 22.4
3 C6A1K3D4E3H7I1F3G3P3S5Y6Q4 15 368.8 149.5 9.25 74.19 1.99 1.76 20.0
4 C5A1K3D4E3H2I1F3G3P3S3Y6Q4 15 368.7 148.5 9.98 75.90 2.01 1.67 25.2
5 C5A1K3D4E3H7I1F3G3P5S3Y6Q4 21 368.4 149.4 9.22 75.85 2.19 1.84 23.3
6 C6A1K3D4E2H2I1F3G3P3S3Y6Q4 15 368.1 150.8 9.94 75.62 2.01 1.66 24.5
7 C6A1K3D4E2H7I1F3G3P3S5Y6Q4 15 367.4 148.9 9.36 74.22 2.04 1.76 21.6
8 C5A1K3D4E3H2I1F3G3P3S3Y6Q5 15 366.9 147.7 9.87 76.06 2.10 1.66 26.8
9 C6A1K3D4E2H7I1F3G3P5S3Y6Q4 21 366.9 150.4 9.18 75.81 2.15 1.90 21.9
10 C6A1K3D4E2H2I1F3G3P3S3Y6Q5 15 366.2 150.2 9.83 76.28 2.06 1.69 24.1
yμE・m-2・s-1.
Table 33.  The crown models from the top to the tenth in order of 
CDMPPFD value from the plot of four PSBs in the 
experiment 2, their series of the alternatives and other 
variables. The explanations of the alternatives refer to 
Table 1, 2 and 3. The abbreviations of the variables refer 
to Table 4.
Fig.18.  The scatter diagram between CDMPPFD and ODMPPFD of the remained crown models of the four PSBs after Experiment 2. 
The combinations were done as all-play-all of the alternatives for training – pruning procedures within the each order, namely, 
high, medium and low effect for improvement of the light environment, which were found in the Experiment 1.
Fig.19.  The view from the south (a), that from the east (b), that from the top (c) and the solid model (d) of the first ranking model in the 
experimental plot of four PSBs, which series of the alternatives was C5A1K3D4E2H2I1F3G3P3S3Y6Q4 shown in Table 33. 


































































































Rank- Series of the alternatives. Total CDM- ODM- LAO PSLB MCF- MCF- PNL-
ing units PPFD PPFD NS VD ES
Unit1z Unit1z m2 % block block %
1 C6A1K3D5E2H4I1F5G2P7S9Y3Q4 22 364.4 146.6 8.67 74.8 2.00 1.91 22.6
2 C6A1K3D5E3H4I1F5G2P7S3Y3Q4 22 362.9 148.5 8.67 76.5 1.94 1.85 21.8
3 C7A1K3D5E2H7I1F5G2P7S9Y3Q4 22 362.6 144.9 8.71 75.0 1.99 1.77 22.3
4 C6A1K3D5E2H4I1F5G2P7S9Y3Q5 22 362.3 145.9 8.56 75.5 2.03 1.96 22.5
5 C6A1K3D5E2H4I1F5G2P7S3Y3Q4 22 362.1 149.1 8.60 76.5 1.94 1.93 23.2
6 C6A1K3D5E2H7I1F5G2P7S3Y3Q4 22 361.7 148.2 8.64 76.4 1.96 1.82 21.5
7 C7A1K3D5E2H7I1F5G2P7S3Y3Q4 22 360.8 147.9 8.67 76.3 1.96 1.81 21.2
8 C6A1K3D5E2H7I1F5G2P7S9Y3Q4 22 360.3 144.3 8.67 74.6 1.97 1.78 22.7
9 C7A1K3D5E3H7I1F5G2P7S9Y3Q4 22 359.6 144.3 8.71 74.9 1.90 1.72 20.6
10 C6A1K3D5E3H7I1F5G2P7S9Y3Q4 22 359.6 144.1 8.75 74.8 1.96 1.75 21.2
yμE・m-2・s-1.
Table 34.  The crown models from the top to the tenth in order of 
CDMPPFD value from the plot of five PSBs in the 
experiment 2, their series of the alternatives and other 
variables. The explanations of the alternatives refer to 
Table 1, 2 and 3. The abbreviations of the variables refer 
to Table 4.
Fig.20.  The scatter diagram between CDMPPFD and ODMPPFD of the remained crown models of the five PSBs after Experiment 
2. The combinations were done as all-play-all of the alternatives for training – pruning procedures within the each order, 
namely, high, medium and low effect for improvement of the light environment, which were found in the Experiment 1.
Fig. 21.  The view from the south (a), that from the east (b), that from the top (c) and the solid model (d) of the first ranking model in 
the experimental plot of five PSBs, which series of the alternatives was C6A1K3D5E2H4I1F5G2P7S9Y3Q4 shown in Table 
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Fig.22.  The scatter diagram between CDMPPFD and ODMPPFD of the remained crown models of the six PSBs after Experiment 2. 
The combinations were done as all-play-all of the alternatives for training – pruning procedures within the each order, namely, 
high, medium and low effect for improvement of the light environment, which were found in the Experiment 1.
Fig.23.  The view from the south (a), that from the east (b), that from the top (c) and the solid model (d) of the first ranking model in the 
experimental plot of six PSBs, which series of the alternatives was C7A1K3D6E3H2I1F5G2P7S3Y9Q4 shown in Table 35. A 
horizontal line indicates 50 cm.
Rank- Series of the alternatives. Total CDM- ODM- LAO PSLB MCF- MCF- PNL-
ing units PPFD PPFD NS VD ES
Unit1z Unit1z m2 % block block %
1 C7A1K3D6E3H2I1F5G2P7S3Y9Q4 23 350.6 145.1 9.11 70.2 2.04 1.66 25.6
2 C7A1K3D6E3H2I1F5G2P7S3Y9Q5 23 348.5 143.9 9.04 74.7 2.06 1.64 24.2
3 C7A1K3D6E2H2I1F5G2P7S3Y9Q4 23 347.4 145.0 9.11 70.5 2.02 1.70 25.8
4 C6A1K3D6E3H2I1F5G2P7S3Y9Q5 23 346.4 142.8 9.15 72.2 1.96 1.68 25.5
5 C7A1K3D6E2H2I1F5G2P7S3Y9Q5 23 345.1 144.5 9.00 72.9 2.06 1.74 25.5
6 C6A1K3D6E2H2I1F5G2P7S3Y9Q4 23 344.1 143.2 9.00 70.5 2.15 1.73 27.4
7 C6A1K3D6E2H2I1F5G2P7S3Y9Q5 23 344.0 143.2 8.89 70.9 2.10 1.73 26.4
8 C7A1K3D6E3H2I1F3G2P7S3Y9Q4 23 341.3 145.7 8.85 70.3 2.11 1.63 24.7
9 C7A1K3D6E3H2I1F5G2P6S3Y9Q4 23 339.6 141.7 8.60 70.2 2.10 1.73 25.6
10 C6A1K3D6E3H2I1F5G2P6S3Y9Q4 23 338.9 140.5 8.71 70.7 2.13 1.72 26.4
yμE・m-2・s-1.
Table 35.  The crown models from the top to the tenth in order of 
CDMPPFD value from the plot of six PSBs in the experiment 
2, their series of the alternatives and other variables. The 
explanations of the alternatives refer to Table 1, 2 and 3. The 












Num. of PSB 2 3 4 5 6
CDM- ODM- CDM- ODM- CDM- ODM- CDM- ODM- CDM- ODM-
PPFD PPFD PPFD PPFD PPFD PPFD PPFD PPFD PPFD PPFD
CDMPPFD 1 0.716 1 0.959 1 0.915 1 0.934 1 0.774
ODMPPFD 0.716 1 0.959 1 0.915 1 0.934 1 0.774 1
CDMPN 0.988 0.789 0.997 0.971 0.991 0.950 0.991 0.962 0.973 0.881
ODMPN 0.441 0.925 0.939 0.996 0.883 0.995 0.905 0.994 0.699 0.990
LAO 0.922 0.654 0.937 0.913 0.914 0.843 0.909 0.834 0.864 0.651
PNLES -0.407 -0.561 -0.921 -0.936 -0.776 -0.880 -0.865 -0.881 -0.498 -0.828
MCFNS -0.562 -0.401 -0.878 -0.892 -0.634 -0.728 -0.702 -0.779 -0.448 -0.761
MCFVD -0.742 -0.558 -0.916 -0.910 -0.714 -0.736 -0.822 -0.849 -0.627 -0.867
MNLBA -0.821 -0.528 -0.926 -0.924 -0.789 -0.861 -0.827 -0.839 -0.418 -0.805
PSLB 0.623 0.464 0.931 0.928 0.794 0.875 0.811 0.829 0.360 0.746
n 256 256 665 665 1320 1320 1322 1322 1210 1210
Table 36.  The coefficients of correlations between 
CDMPPFD or ODMPPFD and other variables of 
the remained crown models which did not violate 
the five conditions from each experimental plot of 
the number of PSBs in the experiment 2. n 
indicates the number of the remained crown 
models. The all correlation were significant at 0.1 
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